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The celebrated work of Niu, Thouless, and Wu demonstrated the quantization of Hall conduc-
tance in the presence of many-body interactions by revealing the many-body counterpart of the
Chern number. The generalized Chern number is formulated in terms of the twisted angles of the
boundary condition, instead of the single particle momentum, and involves an integration over all
possible twisted angles. However, this formulation is physically unnatural, since topological invari-
ants directly related to observables should be defined for each Hamiltonian under a fixed boundary
condition. In this work, we show via numerical calculations that the integration is indeed unneces-
sary – the integrand itself is effectively quantized and the error decays exponentially with the system
size. This implies that the numerical cost in computing the many-body Chern number could, in
principle, be significantly reduced as it suffices to compute the Berry connection for a single value
of the twisted boundary condition if the system size is sufficiently large.
Introduction. — The integer quantum Hall (IQH)
states [1] are the prototypical example of topological
phases in condensed matter physics. The topological in-
variant, known as the Chern number or the Thouless-
Kohmoto-Nightingale-Nijs (TKNN) invariant, is directly
related to the observed quantized Hall conductance [2, 3].
The IQH effect demonstrates how topology enriches
material phases within the single-particle problem be-
yond the Landau paradigm where phases are identified
solely based on their symmetry breaking patterns. The
electron-electron correlation gives birth to even more
nontrivial phases with a fractionally quantized Hall con-
ductance [4]. The fractional quantum Hall (FQH) state
for the filling factor p/q exhibits q-fold topological de-
generacy on torus [5, 6], which is the defining feature of
what we nowadays call “topological order.”
In a pioneering work [7], Niu, Thouless, and Wu devel-
oped a many-body generalization of the Chern number
[Eq. (2)], which we call the Niu-Thouless-Wu (NTW) in-
variant in this work. The formula equally applies both
to the IQH effect in the presence of electron-electron in-
teractions and disorders and to the FQH effect for which
interactions are indispensable. Recently, a wide variety
of the strongly correlated topological phases has been
identified using the NTW invariant [8–19]. The formal
expression of the TKNN invariant and the NTW invari-
ant are almost identical: The single-particle crystal mo-
mentum ~k = (kx, ky) and the Bloch wave function in
the TKNN invariant are replaced by the twisted angle
~θ = (θx, θy) of the boundary condition and the many-
body ground state in the TKNN integer.
However, one should keep in mind that at least concep-
tually there exists a crucial difference between the two
formulations. The TKNN invariant is defined for each
Hamiltonian under a fixed boundary condition (e.g. the
periodic boundary condition). In contrast, the twisted
angle of the boundary condition in the NTW invariant
is the integration variable, meaning that the NTW in-
variant is defined only for a series of the Hamiltonians
parametrized by ~θ. This is unfavorable since topologi-
cal invariants and the expectation value of physical ob-
servables should be computed for each Hamiltonian sep-
arately. This issue has been recently addressed in math-
ematical works [20–23]. It has been getting clear that
the integration is indeed unnecessary [24] and is no more
than a trick making the formula in the same form as the
TKNN invariant. The Berry curvature F (~θ) [in Eq. (1)
below], computed under a fixed twisted angle, by itself
is already “effectively quantized” in thermodynamically
large systems.
The main goal of this work is to confirm the effective
quantization by solving the Hofstadter problems with or
without the electron-electron interaction and disorders.
We provide a numerical evidence that the error decays
exponentially with the system size [20–23], rather than
the power-low scaling [7]. The lack of integration not only
completes our understanding of the quantized Hall con-
ductance but also may significantly reduce the computa-
tional cost of the Hall conductance, which is especially
advantageous in many-body problems with interactions
when the system size is sufficiently large. We also discuss
the accuracy of the effective quantization (i) in the vicin-
ity of a quantum phase transition and (ii) in the presence
of a strong disorder, which are out of the scope of the an-
alytic works [20–23] that assume a finite excitation gap.
One-plaquette Chern number. — Let us begin by re-
viewing the relation of the Hall conductance to the NTW
invariant. We allow for many-body interactions and im-
purities, which invalidate the standard description in
terms of the Bloch wave function as in the TKNN for-
malism. The only assumption is that all excitations are
gapped.
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2We introduce the twisted boundary condition in both
the x and y directions and denote the twisted angle by
~θ = (θx, θy). For a fixed ~θ, the Hall conductance in the
linear response theory is given [7] by σxy(~θ) =
1
q
e2
h C(
~θ),
where
C(~θ) = −2piiF (~θ). (1)
Here, F =
∂Ay
∂θx
− ∂Ax∂θy is the Berry curvature associated
with the Berry connection Aµ = Tr Φ
†(~θ)∂Φ(
~θ)
∂θµ
(µ = x, y)
and Φ(~θ) = (|G1(~θ)〉, ..., |Gq(~θ)〉) is the ground state mul-
tiplet. Note that the integration over ~θ is absent in
Eq. (1) and the quantization of the Hall conductance is
not obvious.
In order to demonstrate the quantization, Ref. [7]
took the average over all possible values of ~θ, assuming
that the bulk response has no strong dependence on the
boundary condition.
C =
1
(2pi)2
∫
T 2
d2θ C(~θ) =
1
2pii
∫
T 2
d2θ F (~θ). (2)
This is the NTW invariant. Here, T 2 = [0, 2pi] × [0, 2pi]
is the torus defined by the twisted angles θx and θy. In
this integrated form, the quantization of the Hall conduc-
tance is evident because of the connection to the Chern
number, just as in the single-particle problem.
In our following numerical calculation, twisted angles
θµ are discretized into θµ =
2pi
Nθ
nµ (nµ = 1, 2, . . . , Nθ).
As formulated in Ref. 25, the discretized Berry curva-
ture F(~θ) = log [Ux(~θ)Uy(~θ + δx)Ux(~θ + δy)−1Uy(~θ)−1]
is given by the link variables Uµ(~θ) = det[Φ
†(~θ)Φ(~θ +
δµ)]/|det[Φ†(~θ)Φ(~θ + δµ)]|. Here, δµ’s are defined by
δx = (
2pi
Nθ
, 0) and δy = (0,
2pi
Nθ
). The advantage of this
formulation is that one does not need to fix the phase
of Φ(~θ) to make Φ(~θ) a continuous function of ~θ. Corre-
sponding to Eqs. (1) and (2), we define
C(~θ) = 1
2pii
N2θF(~θ), (3)
C = 1
2pii
∑
~θ
F(~θ). (4)
We call C(~θ) the one-plaquette Chern number. Even if Nθ
is not so large, C precisely agrees with C [25], while C(~θ)
can, in principle, be any real number. We set Nθ = 20
for our calculation. In the Supplemental Material [26],
we discuss that our results are independent of the choice
of Nθ.
Noninteracting case. — Let us start with compar-
ing C and C(~θ) in the noninteracting case. This will set
up the stage for our successive discussion on interacting
systems. We consider the system of spin-polarized elec-
trons in a uniform magnetic field on a square lattice with
N ×N sites. The Hamiltonian with the nearest-neighbor
N/lB
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FIG. 1. max~θ |C(~θ) − C| as a function of the system size
N scaled by (a) the correlation length ξ or (b) the magnetic
length lB . The inset in (a) shows the N/lB dependence of
C(~θ) under a strong magnetic field for comparison.
hopping is given by Hkin(~θ) = −t
∑
〈ij〉 e
iφijc†i cj . Here,
c†i (ci) is the creation (annihilation) operator on site i.
Because of the twisted boundary condition, they satisfy
c†nx+N,ny = e
iθxc†nx,ny and c
†
nx,ny+N
= eiθyc†nx,ny . We
set 0 < t in the following. The magnetic field is de-
scribed by the Peierls phase φij , which we fix by the
string gauge [27]. The advantage of this gauge choice
is that the total number of magnetic flux Nφ can be
freely controlled in the range from 1 to N2. The flux
per plaquette (the original unit cell) is φ = Nφ/N
2. The
tight-binding model with φ = p/q (p and q are co-prime)
provides q single-electron bands, where each band has
N2/q single-particle states. Since the p low-energy bands
form the lowest Landau (LL) level in the weak magnetic
field limit, the “LL band” is given by the set of these
(NxNy/q) × p = Nφ states. When the total number
of electrons in the system is Ne, the filling factor ν is
defined as ν = Ne/Nφ. We write the lowest Nφ eigen-
vectors of Hkin(~θ), belonging to the LL band, as ψk(~θ)
(k = 1, 2, . . . , Nφ). The creation operator d
†
k(
~θ) of the
corresponding state is given by d†k(~θ) = c
†ψk(~θ) where
c† = (c†1, ..., c
†
N2).
When the filling factor is ν = 1, the ground state is
given by completely occupying the LL band as Φ(~θ) =∏Nφ
k=1 d
†
k(
~θ)|0〉 and C = 1. In Fig. 1, we plot max~θ |C(~θ)−C| as a function of the system size N in (a) a strong
magnetic field (φ ≈ 1) and (b) a weak magnetic field
(φ  1). Here, ‘max~θ’ refers to the maximum value
over all N2θ = 400 plaquettes. The figure clearly demon-
strates that the difference between the one-plaquette
Chern number C(~θ) and the (averaged) Chern number
C (= 1 in this case) can be bounded as
|C(~θ)− C| < Ae−cN (5)
with some coefficients A and c. This confirms the validity
of using C(~θ) as the topological invariant for a sufficiently
large system size.
3The system size N in Fig. 1 is rescaled by the cor-
relation length ξ under a strong magnetic field (φ ≈ 1)
and by the magnetic length lB =
√
1/(2piφ) under a weak
magnetic field (φ 1), where ξ is extracted from the cor-
relation function 〈c†i cj〉 (see Supplemental Material [26]
for the details). Almost all data collapse nicely under
this scaling. This property is lost, for example, when one
scales N by lB in a strong magnetic field regime as shown
in the inset in Fig. 1 (a).
The exponential decay in Eq. (5) occurs even when the
single-particle Berry curvature F1(~k) exhibits a strong ~k
dependence as far as F1(~k) is a smooth function of ~k.
For instance, Figs. 2 (a) and 2 (c) plot F1(~k) for φ = 1/3
and φ = 1/4, two values of φ used in Fig. 1 (a), which
should be compared to the ~θ dependence of C(θ) in the
same setting shown in Figs. 2 (b) and 2 (d). This result
has a simple understanding based on the Euler-Maclaurin
formula [28]. Let us choose the magnetic unit cells of the
size nx × ny. Then we have
C = C = 1
2pii
∫ 2pi
nx
0
dkx
∫ 2pi
ny
0
dkyF1(~k), (6)
C(~θ) ' C(~θ) = 2pi
iN2
N/nx∑
ix=1
N/ny∑
iy=1
F1(
2piix+θx
N ,
2piiy+θy
N ).(7)
Thus, C(~θ) approximates the ~k integral in C by a Rie-
mann sum, and ~θ specifies the choice of representative
points from the discretized Brillouin zone. Since the Bril-
louin zone is periodic and F1(~k) is smooth, the boundary
contribution to the correlation exactly vanishes and the
error is smaller than any powers of the system size [29].
Interacting case. — We now move on to the in-
teracting problem at the filling factor ν < 1. The
electron-electron interactions between the nearest neigh-
bors can be introduced through the pseudopoten-
tial projected onto the LL band [30, 31]. The
projection matrix P (~θ) onto the LL band is con-
structed using the lowest Nφ eigenvectors ψ(~θ) =
(ψ1(~θ), ..., ψNφ(
~θ)) of the kinetic Hamiltonian Hkin(~θ)
as P (~θ) = ψ(~θ)ψ†(~θ). The projected fermion oper-
ator is then defined as c˜†(~θ) = c†P (~θ). The two-
body interaction V
∑
〈ij〉 c
†
i c
†
jcjci (V is the strength of
the interaction) can be projected onto the LL band as
H˜int(~θ) =
∑
klmn Vklmn(
~θ)d†k(~θ)d
†
l (
~θ)dm(~θ)dn(~θ), where
Vklmn = V
∑
〈ij〉(ψk)
∗
i (ψl)
∗
j (ψm)j(ψn)i. Here, the sum-
mation over k, l,m, n is restricted to the states belonging
to the LL band. We choose the interaction strength V
in such a way that it is much larger than the band width
of the LL band (so that Hkin can be neglected) but is
still much smaller than the cyclotron energy gap (so that
higher Landau levels can be neglected). Thanks to this
choice, ground states are obtained by diagonalizing only
the interaction Hamiltonian H˜int(~θ).
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<latexit sha1_base64="0z+qk4QcxYS3W7lzzZr9YJ4m+jM=">AAAChXichVHLSsNAFD2N72erbgQ3YlHcWG5EVNxYdOOytfYBVUoSp zY0TUKSFrT4Ay7cVnCl4ELc+wNu/AEXfoK4VHDjwps0IFqsd5iZM2fuuXOGq9qG7npEzxGpp7evf2BwaHhkdGw8GpuYzLlW3dFEVrMMyymoiisM3RRZT/cMUbAdodRUQ+TV6rZ/n28Ix9Utc887tsVBTTky9bKuKZ5PyQmSS7E4JSiI2U4ghyCOMFJW7B77OIQFDXXUIGDCY2xAgcu jCBkEm7kDNJlzGOnBvcAphllb5yzBGQqzVV6P+FQMWZPPfk03UGv8isHTYeUs5umJbumNHumOXujzz1rNoIbv5Zh3ta0Vdil6Np35+FdV491D5VvV1bOHMtYDrzp7twPG/4XW1jdOWm+Zjd355gJd0yv7v6JneuAfmI137SYtdi+7+FHZyym3R/7djE6QW07IlJDTK/HkVtioQcxgD ovcjTUksYMUsly9gnO0cCENSEvSirTaTpUioWYKP0La/ALTn5BA</latexit><latexit sha1_base64="0z+qk4QcxYS3W7lzzZr9YJ4m+jM=">AAAChXichVHLSsNAFD2N72erbgQ3YlHcWG5EVNxYdOOytfYBVUoSp zY0TUKSFrT4Ay7cVnCl4ELc+wNu/AEXfoK4VHDjwps0IFqsd5iZM2fuuXOGq9qG7npEzxGpp7evf2BwaHhkdGw8GpuYzLlW3dFEVrMMyymoiisM3RRZT/cMUbAdodRUQ+TV6rZ/n28Ix9Utc887tsVBTTky9bKuKZ5PyQmSS7E4JSiI2U4ghyCOMFJW7B77OIQFDXXUIGDCY2xAgcu jCBkEm7kDNJlzGOnBvcAphllb5yzBGQqzVV6P+FQMWZPPfk03UGv8isHTYeUs5umJbumNHumOXujzz1rNoIbv5Zh3ta0Vdil6Np35+FdV491D5VvV1bOHMtYDrzp7twPG/4XW1jdOWm+Zjd355gJd0yv7v6JneuAfmI137SYtdi+7+FHZyym3R/7djE6QW07IlJDTK/HkVtioQcxgD ovcjTUksYMUsly9gnO0cCENSEvSirTaTpUioWYKP0La/ALTn5BA</latexit><latexit sha1_base64="0z+qk4QcxYS3W7lzzZr9YJ4m+jM=">AAAChXichVHLSsNAFD2N72erbgQ3YlHcWG5EVNxYdOOytfYBVUoSp zY0TUKSFrT4Ay7cVnCl4ELc+wNu/AEXfoK4VHDjwps0IFqsd5iZM2fuuXOGq9qG7npEzxGpp7evf2BwaHhkdGw8GpuYzLlW3dFEVrMMyymoiisM3RRZT/cMUbAdodRUQ+TV6rZ/n28Ix9Utc887tsVBTTky9bKuKZ5PyQmSS7E4JSiI2U4ghyCOMFJW7B77OIQFDXXUIGDCY2xAgcu jCBkEm7kDNJlzGOnBvcAphllb5yzBGQqzVV6P+FQMWZPPfk03UGv8isHTYeUs5umJbumNHumOXujzz1rNoIbv5Zh3ta0Vdil6Np35+FdV491D5VvV1bOHMtYDrzp7twPG/4XW1jdOWm+Zjd355gJd0yv7v6JneuAfmI137SYtdi+7+FHZyym3R/7djE6QW07IlJDTK/HkVtioQcxgD ovcjTUksYMUsly9gnO0cCENSEvSirTaTpUioWYKP0La/ALTn5BA</latexit><latexit sha1_base64="0z+qk4QcxYS3W7lzzZr9YJ4m+jM=">AAAChXichVHLSsNAFD2N72erbgQ3YlHcWG5EVNxYdOOytfYBVUoSp zY0TUKSFrT4Ay7cVnCl4ELc+wNu/AEXfoK4VHDjwps0IFqsd5iZM2fuuXOGq9qG7npEzxGpp7evf2BwaHhkdGw8GpuYzLlW3dFEVrMMyymoiisM3RRZT/cMUbAdodRUQ+TV6rZ/n28Ix9Utc887tsVBTTky9bKuKZ5PyQmSS7E4JSiI2U4ghyCOMFJW7B77OIQFDXXUIGDCY2xAgcu jCBkEm7kDNJlzGOnBvcAphllb5yzBGQqzVV6P+FQMWZPPfk03UGv8isHTYeUs5umJbumNHumOXujzz1rNoIbv5Zh3ta0Vdil6Np35+FdV491D5VvV1bOHMtYDrzp7twPG/4XW1jdOWm+Zjd355gJd0yv7v6JneuAfmI137SYtdi+7+FHZyym3R/7djE6QW07IlJDTK/HkVtioQcxgD ovcjTUksYMUsly9gnO0cCENSEvSirTaTpUioWYKP0La/ALTn5BA</latexit>
1.00
<latexit sha1_base64="D5/62KWxB6LvYOqbV/EdGpufxZA=">AAAChXichVE9S8NQFD2N35+tugguxaK4WG5EVFwsujj2w7aCiiTx1 YamSUjSghb/gINrBScFB3H3D7j4Bxz6E8SxgouDN2lAVKw3vNzzzrvnvvO4qm3orkfUikg9vX39A4NDwyOjY+PR2MRkwbVqjibymmVYzq6quMLQTZH3dM8Qu7YjlKpqiKJa2fLPi3XhuLpl7ngntjioKsemXtI1xfMpOUl0GEsQJz/iv4EcggTCSFuxB+zjCBY01FCFgAmPsQEFLn9 7kEGwmTtAgzmHkR6cC5xhmLU1rhJcoTBb4f8x7/ZC1uS939MN1BrfYvByWBnHHD3THbXpie7phT7+7NUIevheTjirHa2wD6Pn07n3f1VVzh7KX6qunj2UsBZ41dm7HTD+K7SOvn7abOfWs3ONebqhV/Z/TS165BeY9TftNiOyV138qOzljMcj/xzGb1BYSsqUlDPLidRmOKhBzGAWC zyNVaSwjTTy3L2MCzRxKQ1Ii9KytNIplSKhZgrfQtr4BNGBkD8=</latexit><latexit sha1_base64="D5/62KWxB6LvYOqbV/EdGpufxZA=">AAAChXichVE9S8NQFD2N35+tugguxaK4WG5EVFwsujj2w7aCiiTx1 YamSUjSghb/gINrBScFB3H3D7j4Bxz6E8SxgouDN2lAVKw3vNzzzrvnvvO4qm3orkfUikg9vX39A4NDwyOjY+PR2MRkwbVqjibymmVYzq6quMLQTZH3dM8Qu7YjlKpqiKJa2fLPi3XhuLpl7ngntjioKsemXtI1xfMpOUl0GEsQJz/iv4EcggTCSFuxB+zjCBY01FCFgAmPsQEFLn9 7kEGwmTtAgzmHkR6cC5xhmLU1rhJcoTBb4f8x7/ZC1uS939MN1BrfYvByWBnHHD3THbXpie7phT7+7NUIevheTjirHa2wD6Pn07n3f1VVzh7KX6qunj2UsBZ41dm7HTD+K7SOvn7abOfWs3ONebqhV/Z/TS165BeY9TftNiOyV138qOzljMcj/xzGb1BYSsqUlDPLidRmOKhBzGAWC zyNVaSwjTTy3L2MCzRxKQ1Ii9KytNIplSKhZgrfQtr4BNGBkD8=</latexit><latexit sha1_base64="D5/62KWxB6LvYOqbV/EdGpufxZA=">AAAChXichVE9S8NQFD2N35+tugguxaK4WG5EVFwsujj2w7aCiiTx1 YamSUjSghb/gINrBScFB3H3D7j4Bxz6E8SxgouDN2lAVKw3vNzzzrvnvvO4qm3orkfUikg9vX39A4NDwyOjY+PR2MRkwbVqjibymmVYzq6quMLQTZH3dM8Qu7YjlKpqiKJa2fLPi3XhuLpl7ngntjioKsemXtI1xfMpOUl0GEsQJz/iv4EcggTCSFuxB+zjCBY01FCFgAmPsQEFLn9 7kEGwmTtAgzmHkR6cC5xhmLU1rhJcoTBb4f8x7/ZC1uS939MN1BrfYvByWBnHHD3THbXpie7phT7+7NUIevheTjirHa2wD6Pn07n3f1VVzh7KX6qunj2UsBZ41dm7HTD+K7SOvn7abOfWs3ONebqhV/Z/TS165BeY9TftNiOyV138qOzljMcj/xzGb1BYSsqUlDPLidRmOKhBzGAWC zyNVaSwjTTy3L2MCzRxKQ1Ii9KytNIplSKhZgrfQtr4BNGBkD8=</latexit><latexit sha1_base64="D5/62KWxB6LvYOqbV/EdGpufxZA=">AAAChXichVE9S8NQFD2N35+tugguxaK4WG5EVFwsujj2w7aCiiTx1 YamSUjSghb/gINrBScFB3H3D7j4Bxz6E8SxgouDN2lAVKw3vNzzzrvnvvO4qm3orkfUikg9vX39A4NDwyOjY+PR2MRkwbVqjibymmVYzq6quMLQTZH3dM8Qu7YjlKpqiKJa2fLPi3XhuLpl7ngntjioKsemXtI1xfMpOUl0GEsQJz/iv4EcggTCSFuxB+zjCBY01FCFgAmPsQEFLn9 7kEGwmTtAgzmHkR6cC5xhmLU1rhJcoTBb4f8x7/ZC1uS939MN1BrfYvByWBnHHD3THbXpie7phT7+7NUIevheTjirHa2wD6Pn07n3f1VVzh7KX6qunj2UsBZ41dm7HTD+K7SOvn7abOfWs3ONebqhV/Z/TS165BeY9TftNiOyV138qOzljMcj/xzGb1BYSsqUlDPLidRmOKhBzGAWC zyNVaSwjTTy3L2MCzRxKQ1Ii9KytNIplSKhZgrfQtr4BNGBkD8=</latexit>
C(
~ ✓)
<latexit sha1_base64="yGbKhWAuIvJCuSecf6ueTInHbfQ="></latexit><latexit sha1_base64="yGbKhWAuIvJCuSecf6ueTInHbfQ="></latexit><latexit sha1_base64="yGbKhWAuIvJCuSecf6ueTInHbfQ="></latexit><latexit sha1_base64="yGbKhWAuIvJCuSecf6ueTInHbfQ="></latexit>
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<latexit sha1_base64="q/TVazDiqeZSvwsmoHcin/Go9eQ=">AAAChXichVG7SgNBFD2u7/iK2gg2waDYGGZFVGwUbSxjYhLBiOyuEzNkX+xOAhr8AQvbCFYKFmLvD9j4Axb5BLGMYGPh3c2CaFDvMDNnztxz5wxXd03hS8aaXUp3T29f/8BgbGh4ZHQsPj6R952qZ/Cc4ZiOt6 drPjeFzXNSSJPvuR7XLN3kBb2yFdwXatzzhWPvyhOXH1jasS1KwtBkQC0WXXEYT7IUCyPRCdQIJBFF2ok/oIgjODBQhQUOG5KwCQ0+jX2oYHCJO0CdOI+QCO85zhAjbZWyOGVoxFZoPabTfsTadA5q+qHaoFdMmh4pE5hlz+yOtdgTu2cv7OPXWvWwRuDlhHa9reXu4dj5VPb9X5VFu0T5S/WnZ4kSVkOvgry7IRP8wmjra6eNVnYtM1ufYzfslfxfsyZ7pB/YtTfjdodnrv7wo5OXM2qP+rMZnSC/mFIJ7ywlNzajRg1gGjOYp26sYAPbSCNH1cu4QAOXSr+yoCwpy+1UpSvSTOJbKOufNfCQ5w==</latexit><latexit sha1_base64="q/TVazDiqeZSvwsmoHcin/Go9eQ=">AAAChXichVG7SgNBFD2u7/iK2gg2waDYGGZFVGwUbSxjYhLBiOyuEzNkX+xOAhr8AQvbCFYKFmLvD9j4Axb5BLGMYGPh3c2CaFDvMDNnztxz5wxXd03hS8aaXUp3T29f/8BgbGh4ZHQsPj6R952qZ/Cc4ZiOt6 drPjeFzXNSSJPvuR7XLN3kBb2yFdwXatzzhWPvyhOXH1jasS1KwtBkQC0WXXEYT7IUCyPRCdQIJBFF2ok/oIgjODBQhQUOG5KwCQ0+jX2oYHCJO0CdOI+QCO85zhAjbZWyOGVoxFZoPabTfsTadA5q+qHaoFdMmh4pE5hlz+yOtdgTu2cv7OPXWvWwRuDlhHa9reXu4dj5VPb9X5VFu0T5S/WnZ4kSVkOvgry7IRP8wmjra6eNVnYtM1ufYzfslfxfsyZ7pB/YtTfjdodnrv7wo5OXM2qP+rMZnSC/mFIJ7ywlNzajRg1gGjOYp26sYAPbSCNH1cu4QAOXSr+yoCwpy+1UpSvSTOJbKOufNfCQ5w==</latexit><latexit sha1_base64="q/TVazDiqeZSvwsmoHcin/Go9eQ=">AAAChXichVG7SgNBFD2u7/iK2gg2waDYGGZFVGwUbSxjYhLBiOyuEzNkX+xOAhr8AQvbCFYKFmLvD9j4Axb5BLGMYGPh3c2CaFDvMDNnztxz5wxXd03hS8aaXUp3T29f/8BgbGh4ZHQsPj6R952qZ/Cc4ZiOt6 drPjeFzXNSSJPvuR7XLN3kBb2yFdwXatzzhWPvyhOXH1jasS1KwtBkQC0WXXEYT7IUCyPRCdQIJBFF2ok/oIgjODBQhQUOG5KwCQ0+jX2oYHCJO0CdOI+QCO85zhAjbZWyOGVoxFZoPabTfsTadA5q+qHaoFdMmh4pE5hlz+yOtdgTu2cv7OPXWvWwRuDlhHa9reXu4dj5VPb9X5VFu0T5S/WnZ4kSVkOvgry7IRP8wmjra6eNVnYtM1ufYzfslfxfsyZ7pB/YtTfjdodnrv7wo5OXM2qP+rMZnSC/mFIJ7ywlNzajRg1gGjOYp26sYAPbSCNH1cu4QAOXSr+yoCwpy+1UpSvSTOJbKOufNfCQ5w==</latexit><latexit sha1_base64="q/TVazDiqeZSvwsmoHcin/Go9eQ=">AAAChXichVG7SgNBFD2u7/iK2gg2waDYGGZFVGwUbSxjYhLBiOyuEzNkX+xOAhr8AQvbCFYKFmLvD9j4Axb5BLGMYGPh3c2CaFDvMDNnztxz5wxXd03hS8aaXUp3T29f/8BgbGh4ZHQsPj6R952qZ/Cc4ZiOt6 drPjeFzXNSSJPvuR7XLN3kBb2yFdwXatzzhWPvyhOXH1jasS1KwtBkQC0WXXEYT7IUCyPRCdQIJBFF2ok/oIgjODBQhQUOG5KwCQ0+jX2oYHCJO0CdOI+QCO85zhAjbZWyOGVoxFZoPabTfsTadA5q+qHaoFdMmh4pE5hlz+yOtdgTu2cv7OPXWvWwRuDlhHa9reXu4dj5VPb9X5VFu0T5S/WnZ4kSVkOvgry7IRP8wmjra6eNVnYtM1ufYzfslfxfsyZ7pB/YtTfjdodnrv7wo5OXM2qP+rMZnSC/mFIJ7ywlNzajRg1gGjOYp26sYAPbSCNH1cu4QAOXSr+yoCwpy+1UpSvSTOJbKOufNfCQ5w==</latexit>
2⇡
<latexit sha1_base64="q/TVazDiqeZSvwsmoHcin/Go9eQ=">AAAChXichVG7SgNBFD2u7/iK2gg2waDYGGZFVGwUbSxjYhLBiOyuE zNkX+xOAhr8AQvbCFYKFmLvD9j4Axb5BLGMYGPh3c2CaFDvMDNnztxz5wxXd03hS8aaXUp3T29f/8BgbGh4ZHQsPj6R952qZ/Cc4ZiOt6drPjeFzXNSSJPvuR7XLN3kBb2yFdwXatzzhWPvyhOXH1jasS1KwtBkQC0WXXEYT7IUCyPRCdQIJBFF2ok/oIgjODBQhQUOG5KwCQ0+jX2 oYHCJO0CdOI+QCO85zhAjbZWyOGVoxFZoPabTfsTadA5q+qHaoFdMmh4pE5hlz+yOtdgTu2cv7OPXWvWwRuDlhHa9reXu4dj5VPb9X5VFu0T5S/WnZ4kSVkOvgry7IRP8wmjra6eNVnYtM1ufYzfslfxfsyZ7pB/YtTfjdodnrv7wo5OXM2qP+rMZnSC/mFIJ7ywlNzajRg1gGjOYp 26sYAPbSCNH1cu4QAOXSr+yoCwpy+1UpSvSTOJbKOufNfCQ5w==</latexit><latexit sha1_base64="q/TVazDiqeZSvwsmoHcin/Go9eQ=">AAAChXichVG7SgNBFD2u7/iK2gg2waDYGGZFVGwUbSxjYhLBiOyuE zNkX+xOAhr8AQvbCFYKFmLvD9j4Axb5BLGMYGPh3c2CaFDvMDNnztxz5wxXd03hS8aaXUp3T29f/8BgbGh4ZHQsPj6R952qZ/Cc4ZiOt6drPjeFzXNSSJPvuR7XLN3kBb2yFdwXatzzhWPvyhOXH1jasS1KwtBkQC0WXXEYT7IUCyPRCdQIJBFF2ok/oIgjODBQhQUOG5KwCQ0+jX2 oYHCJO0CdOI+QCO85zhAjbZWyOGVoxFZoPabTfsTadA5q+qHaoFdMmh4pE5hlz+yOtdgTu2cv7OPXWvWwRuDlhHa9reXu4dj5VPb9X5VFu0T5S/WnZ4kSVkOvgry7IRP8wmjra6eNVnYtM1ufYzfslfxfsyZ7pB/YtTfjdodnrv7wo5OXM2qP+rMZnSC/mFIJ7ywlNzajRg1gGjOYp 26sYAPbSCNH1cu4QAOXSr+yoCwpy+1UpSvSTOJbKOufNfCQ5w==</latexit><latexit sha1_base64="q/TVazDiqeZSvwsmoHcin/Go9eQ=">AAAChXichVG7SgNBFD2u7/iK2gg2waDYGGZFVGwUbSxjYhLBiOyuE zNkX+xOAhr8AQvbCFYKFmLvD9j4Axb5BLGMYGPh3c2CaFDvMDNnztxz5wxXd03hS8aaXUp3T29f/8BgbGh4ZHQsPj6R952qZ/Cc4ZiOt6drPjeFzXNSSJPvuR7XLN3kBb2yFdwXatzzhWPvyhOXH1jasS1KwtBkQC0WXXEYT7IUCyPRCdQIJBFF2ok/oIgjODBQhQUOG5KwCQ0+jX2 oYHCJO0CdOI+QCO85zhAjbZWyOGVoxFZoPabTfsTadA5q+qHaoFdMmh4pE5hlz+yOtdgTu2cv7OPXWvWwRuDlhHa9reXu4dj5VPb9X5VFu0T5S/WnZ4kSVkOvgry7IRP8wmjra6eNVnYtM1ufYzfslfxfsyZ7pB/YtTfjdodnrv7wo5OXM2qP+rMZnSC/mFIJ7ywlNzajRg1gGjOYp 26sYAPbSCNH1cu4QAOXSr+yoCwpy+1UpSvSTOJbKOufNfCQ5w==</latexit><latexit sha1_base64="q/TVazDiqeZSvwsmoHcin/Go9eQ=">AAAChXichVG7SgNBFD2u7/iK2gg2waDYGGZFVGwUbSxjYhLBiOyuE zNkX+xOAhr8AQvbCFYKFmLvD9j4Axb5BLGMYGPh3c2CaFDvMDNnztxz5wxXd03hS8aaXUp3T29f/8BgbGh4ZHQsPj6R952qZ/Cc4ZiOt6drPjeFzXNSSJPvuR7XLN3kBb2yFdwXatzzhWPvyhOXH1jasS1KwtBkQC0WXXEYT7IUCyPRCdQIJBFF2ok/oIgjODBQhQUOG5KwCQ0+jX2 oYHCJO0CdOI+QCO85zhAjbZWyOGVoxFZoPabTfsTadA5q+qHaoFdMmh4pE5hlz+yOtdgTu2cv7OPXWvWwRuDlhHa9reXu4dj5VPb9X5VFu0T5S/WnZ4kSVkOvgry7IRP8wmjra6eNVnYtM1ufYzfslfxfsyZ7pB/YtTfjdodnrv7wo5OXM2qP+rMZnSC/mFIJ7ywlNzajRg1gGjOYp 26sYAPbSCNH1cu4QAOXSr+yoCwpy+1UpSvSTOJbKOufNfCQ5w==</latexit>
✓x
<latexit sha1_base64="AguPvle0TdL+sXK6qHdIymevgKY=">AAACi3ichVG7SgNBFL1ZXzEaE7URbIIhYhVmVVCCRVAEyzzMA5IQdtdJMmRf7E6CMfgDljYWsVGwED/AD7DxByzyCWIZwcbCu5sF0WC8y+ycOXPPnTNzZVNlNiek7xMmJqemZ/yzgbn54E IovLiUt42WpdCcYqiGVZQlm6pMpznOuEqLpkUlTVZpQW4eOPuFNrVsZujHvGPSiibVdVZjisSRKpZ5g3KpeloNR0mcuBEZBaIHouBFygg/QhlOwAAFWqABBR04YhUksPErgQgETOQq0EXOQsTcfQrnEEBtC7MoZkjINvFfx1XJY3VcOzVtV63gKSoOC5URiJEXck8G5Jk8kFfy+WetrlvD8dLBWR5qqVkNXaxkP/5VaThzaHyrxnrmUINd1ytD76bLOLdQhvr22dUgm8jEuuvklryh/xvSJ094A739rtylaaY3xo+MXvDFsEHi73aMgvxmXESc3o4m971W+WEV1mAD+7EDSTiCFOTcPlxCD66FoLAlJIS9Yarg8zTL8COEwy/h35 MG</latexit><latexit sha1_base64="AguPvle0TdL+sXK6qHdIymevgKY=">AAACi3ichVG7SgNBFL1ZXzEaE7URbIIhYhVmVVCCRVAEyzzMA5IQdtdJMmRf7E6CMfgDljYWsVGwED/AD7DxByzyCWIZwcbCu5sF0WC8y+ycOXPPnTNzZVNlNiek7xMmJqemZ/yzgbn54E IovLiUt42WpdCcYqiGVZQlm6pMpznOuEqLpkUlTVZpQW4eOPuFNrVsZujHvGPSiibVdVZjisSRKpZ5g3KpeloNR0mcuBEZBaIHouBFygg/QhlOwAAFWqABBR04YhUksPErgQgETOQq0EXOQsTcfQrnEEBtC7MoZkjINvFfx1XJY3VcOzVtV63gKSoOC5URiJEXck8G5Jk8kFfy+WetrlvD8dLBWR5qqVkNXaxkP/5VaThzaHyrxnrmUINd1ytD76bLOLdQhvr22dUgm8jEuuvklryh/xvSJ094A739rtylaaY3xo+MXvDFsEHi73aMgvxmXESc3o4m971W+WEV1mAD+7EDSTiCFOTcPlxCD66FoLAlJIS9Yarg8zTL8COEwy/h35 MG</latexit><latexit sha1_base64="AguPvle0TdL+sXK6qHdIymevgKY=">AAACi3ichVG7SgNBFL1ZXzEaE7URbIIhYhVmVVCCRVAEyzzMA5IQdtdJMmRf7E6CMfgDljYWsVGwED/AD7DxByzyCWIZwcbCu5sF0WC8y+ycOXPPnTNzZVNlNiek7xMmJqemZ/yzgbn54E IovLiUt42WpdCcYqiGVZQlm6pMpznOuEqLpkUlTVZpQW4eOPuFNrVsZujHvGPSiibVdVZjisSRKpZ5g3KpeloNR0mcuBEZBaIHouBFygg/QhlOwAAFWqABBR04YhUksPErgQgETOQq0EXOQsTcfQrnEEBtC7MoZkjINvFfx1XJY3VcOzVtV63gKSoOC5URiJEXck8G5Jk8kFfy+WetrlvD8dLBWR5qqVkNXaxkP/5VaThzaHyrxnrmUINd1ytD76bLOLdQhvr22dUgm8jEuuvklryh/xvSJ094A739rtylaaY3xo+MXvDFsEHi73aMgvxmXESc3o4m971W+WEV1mAD+7EDSTiCFOTcPlxCD66FoLAlJIS9Yarg8zTL8COEwy/h35 MG</latexit><latexit sha1_base64="AguPvle0TdL+sXK6qHdIymevgKY=">AAACi3ichVG7SgNBFL1ZXzEaE7URbIIhYhVmVVCCRVAEyzzMA5IQdtdJMmRf7E6CMfgDljYWsVGwED/AD7DxByzyCWIZwcbCu5sF0WC8y+ycOXPPnTNzZVNlNiek7xMmJqemZ/yzgbn54E IovLiUt42WpdCcYqiGVZQlm6pMpznOuEqLpkUlTVZpQW4eOPuFNrVsZujHvGPSiibVdVZjisSRKpZ5g3KpeloNR0mcuBEZBaIHouBFygg/QhlOwAAFWqABBR04YhUksPErgQgETOQq0EXOQsTcfQrnEEBtC7MoZkjINvFfx1XJY3VcOzVtV63gKSoOC5URiJEXck8G5Jk8kFfy+WetrlvD8dLBWR5qqVkNXaxkP/5VaThzaHyrxnrmUINd1ytD76bLOLdQhvr22dUgm8jEuuvklryh/xvSJ094A739rtylaaY3xo+MXvDFsEHi73aMgvxmXESc3o4m971W+WEV1mAD+7EDSTiCFOTcPlxCD66FoLAlJIS9Yarg8zTL8COEwy/h35 MG</latexit>✓y
<latexit sha1_base64="Q1g8x4y7PVFzcxhbV0gyVHm6pxw=">AAACi3ichVG7SgNBFL1ZXzEaE7URbIIhYhVuVFCCRVAE yzzMA5IQdteJWbIvdieBGPwBSxuL2ChYiB/gB9j4Axb5BLGMYGPh3c2CaDDeZXbOnLnnzpm5kqkqNkfs+4SJyanpGf9sYG4+uBAKLy4VbKNlySwvG6phlSTRZqqiszxXuMpKpsVETVJZUWoeOPvFNrNsxdCPecdkVU081ZW6IoucqFKFNxgXa51aOIpxdCMy ChIeiIIXaSP8CBU4AQNkaIEGDHTghFUQwaavDAlAMImrQpc4i5Di7jM4hwBpW5TFKEMktkn/U1qVPVantVPTdtUynaLSsEgZgRi+4D0O8Bkf8BU//6zVdWs4Xjo0S0MtM2uhi5Xcx78qjWYOjW/VWM8c6rDrelXIu+kyzi3kob59djXIJbOx7jre4hv5v8E+ PtEN9Pa7fJdh2d4YPxJ5oRejBiV+t2MUFDbjCcKZ7Whq32uVH1ZhDTaoHzuQgiNIQ97twyX04FoICltCUtgbpgo+T7MMP0I4/ALj/5MH</latexit><latexit sha1_base64="Q1g8x4y7PVFzcxhbV0gyVHm6pxw=">AAACi3ichVG7SgNBFL1ZXzEaE7URbIIhYhVuVFCCRVAE yzzMA5IQdteJWbIvdieBGPwBSxuL2ChYiB/gB9j4Axb5BLGMYGPh3c2CaDDeZXbOnLnnzpm5kqkqNkfs+4SJyanpGf9sYG4+uBAKLy4VbKNlySwvG6phlSTRZqqiszxXuMpKpsVETVJZUWoeOPvFNrNsxdCPecdkVU081ZW6IoucqFKFNxgXa51aOIpxdCMy ChIeiIIXaSP8CBU4AQNkaIEGDHTghFUQwaavDAlAMImrQpc4i5Di7jM4hwBpW5TFKEMktkn/U1qVPVantVPTdtUynaLSsEgZgRi+4D0O8Bkf8BU//6zVdWs4Xjo0S0MtM2uhi5Xcx78qjWYOjW/VWM8c6rDrelXIu+kyzi3kob59djXIJbOx7jre4hv5v8E+ PtEN9Pa7fJdh2d4YPxJ5oRejBiV+t2MUFDbjCcKZ7Whq32uVH1ZhDTaoHzuQgiNIQ97twyX04FoICltCUtgbpgo+T7MMP0I4/ALj/5MH</latexit><latexit sha1_base64="Q1g8x4y7PVFzcxhbV0gyVHm6pxw=">AAACi3ichVG7SgNBFL1ZXzEaE7URbIIhYhVuVFCCRVAE yzzMA5IQdteJWbIvdieBGPwBSxuL2ChYiB/gB9j4Axb5BLGMYGPh3c2CaDDeZXbOnLnnzpm5kqkqNkfs+4SJyanpGf9sYG4+uBAKLy4VbKNlySwvG6phlSTRZqqiszxXuMpKpsVETVJZUWoeOPvFNrNsxdCPecdkVU081ZW6IoucqFKFNxgXa51aOIpxdCMy ChIeiIIXaSP8CBU4AQNkaIEGDHTghFUQwaavDAlAMImrQpc4i5Di7jM4hwBpW5TFKEMktkn/U1qVPVantVPTdtUynaLSsEgZgRi+4D0O8Bkf8BU//6zVdWs4Xjo0S0MtM2uhi5Xcx78qjWYOjW/VWM8c6rDrelXIu+kyzi3kob59djXIJbOx7jre4hv5v8E+ PtEN9Pa7fJdh2d4YPxJ5oRejBiV+t2MUFDbjCcKZ7Whq32uVH1ZhDTaoHzuQgiNIQ97twyX04FoICltCUtgbpgo+T7MMP0I4/ALj/5MH</latexit><latexit sha1_base64="Q1g8x4y7PVFzcxhbV0gyVHm6pxw=">AAACi3ichVG7SgNBFL1ZXzEaE7URbIIhYhVuVFCCRVAE yzzMA5IQdteJWbIvdieBGPwBSxuL2ChYiB/gB9j4Axb5BLGMYGPh3c2CaDDeZXbOnLnnzpm5kqkqNkfs+4SJyanpGf9sYG4+uBAKLy4VbKNlySwvG6phlSTRZqqiszxXuMpKpsVETVJZUWoeOPvFNrNsxdCPecdkVU081ZW6IoucqFKFNxgXa51aOIpxdCMy ChIeiIIXaSP8CBU4AQNkaIEGDHTghFUQwaavDAlAMImrQpc4i5Di7jM4hwBpW5TFKEMktkn/U1qVPVantVPTdtUynaLSsEgZgRi+4D0O8Bkf8BU//6zVdWs4Xjo0S0MtM2uhi5Xcx78qjWYOjW/VWM8c6rDrelXIu+kyzi3kob59djXIJbOx7jre4hv5v8E+ PtEN9Pa7fJdh2d4YPxJ5oRejBiV+t2MUFDbjCcKZ7Whq32uVH1ZhDTaoHzuQgiNIQ97twyX04FoICltCUtgbpgo+T7MMP0I4/ALj/5MH</latexit>
0.99
<latexit sha1_base64="DsJTcQ6Ww+Pc+SSKkE+mVzUUFDA=">AAAChXichVG7SgNBFD2urxhfURvBRgwRG8NdEV+NQRtLNcYEYpDdd UwW98XuJhCDP2BhG8FKwULs/QEbf8DCTxBLBRsL724WRIN6h5k5c+aeO2e4qmPonk/01CF1dnX39Mb64v0Dg0PDiZHRXc+uuprIabZhuwVV8YShWyLn674hCo4rFFM1RF49Wg/u8zXherpt7fh1R5RMpWzph7qm+AFF6eXl/USS0hTGZDuQI5BEFJt24g57OIANDVWYELDgMzagwON RhAyCw1wJDeZcRnp4L3CCOGurnCU4Q2H2iNcyn4oRa/E5qOmFao1fMXi6rJxEih7phl7pgW7pmT5+rdUIawRe6ryrLa1w9odPx7Pv/6pM3n1UvlR/evZxiKXQq87enZAJfqG19LXj5mt2ZTvVmKYremH/l/RE9/wDq/amXW+J7Ys//Kjs5YTbI/9sRjvYnUvLlJa35pOZtahRMUxgC jPcjUVksIFN5Lh6BWdo4lzqlWaleWmhlSp1RJoxfAtp9RP1hZBQ</latexit><latexit sha1_base64="DsJTcQ6Ww+Pc+SSKkE+mVzUUFDA=">AAAChXichVG7SgNBFD2urxhfURvBRgwRG8NdEV+NQRtLNcYEYpDdd UwW98XuJhCDP2BhG8FKwULs/QEbf8DCTxBLBRsL724WRIN6h5k5c+aeO2e4qmPonk/01CF1dnX39Mb64v0Dg0PDiZHRXc+uuprIabZhuwVV8YShWyLn674hCo4rFFM1RF49Wg/u8zXherpt7fh1R5RMpWzph7qm+AFF6eXl/USS0hTGZDuQI5BEFJt24g57OIANDVWYELDgMzagwON RhAyCw1wJDeZcRnp4L3CCOGurnCU4Q2H2iNcyn4oRa/E5qOmFao1fMXi6rJxEih7phl7pgW7pmT5+rdUIawRe6ryrLa1w9odPx7Pv/6pM3n1UvlR/evZxiKXQq87enZAJfqG19LXj5mt2ZTvVmKYremH/l/RE9/wDq/amXW+J7Ys//Kjs5YTbI/9sRjvYnUvLlJa35pOZtahRMUxgC jPcjUVksIFN5Lh6BWdo4lzqlWaleWmhlSp1RJoxfAtp9RP1hZBQ</latexit><latexit sha1_base64="DsJTcQ6Ww+Pc+SSKkE+mVzUUFDA=">AAAChXichVG7SgNBFD2urxhfURvBRgwRG8NdEV+NQRtLNcYEYpDdd UwW98XuJhCDP2BhG8FKwULs/QEbf8DCTxBLBRsL724WRIN6h5k5c+aeO2e4qmPonk/01CF1dnX39Mb64v0Dg0PDiZHRXc+uuprIabZhuwVV8YShWyLn674hCo4rFFM1RF49Wg/u8zXherpt7fh1R5RMpWzph7qm+AFF6eXl/USS0hTGZDuQI5BEFJt24g57OIANDVWYELDgMzagwON RhAyCw1wJDeZcRnp4L3CCOGurnCU4Q2H2iNcyn4oRa/E5qOmFao1fMXi6rJxEih7phl7pgW7pmT5+rdUIawRe6ryrLa1w9odPx7Pv/6pM3n1UvlR/evZxiKXQq87enZAJfqG19LXj5mt2ZTvVmKYremH/l/RE9/wDq/amXW+J7Ys//Kjs5YTbI/9sRjvYnUvLlJa35pOZtahRMUxgC jPcjUVksIFN5Lh6BWdo4lzqlWaleWmhlSp1RJoxfAtp9RP1hZBQ</latexit><latexit sha1_base64="DsJTcQ6Ww+Pc+SSKkE+mVzUUFDA=">AAAChXichVG7SgNBFD2urxhfURvBRgwRG8NdEV+NQRtLNcYEYpDdd UwW98XuJhCDP2BhG8FKwULs/QEbf8DCTxBLBRsL724WRIN6h5k5c+aeO2e4qmPonk/01CF1dnX39Mb64v0Dg0PDiZHRXc+uuprIabZhuwVV8YShWyLn674hCo4rFFM1RF49Wg/u8zXherpt7fh1R5RMpWzph7qm+AFF6eXl/USS0hTGZDuQI5BEFJt24g57OIANDVWYELDgMzagwON RhAyCw1wJDeZcRnp4L3CCOGurnCU4Q2H2iNcyn4oRa/E5qOmFao1fMXi6rJxEih7phl7pgW7pmT5+rdUIawRe6ryrLa1w9odPx7Pv/6pM3n1UvlR/evZxiKXQq87enZAJfqG19LXj5mt2ZTvVmKYremH/l/RE9/wDq/amXW+J7Ys//Kjs5YTbI/9sRjvYnUvLlJa35pOZtahRMUxgC jPcjUVksIFN5Lh6BWdo4lzqlWaleWmhlSp1RJoxfAtp9RP1hZBQ</latexit>
1.01
<latexit sha1_base64="0z+qk4QcxYS3W7lzzZr9YJ4m+jM=">AAAChXichVHLSsNAFD2N72erbgQ3YlHcWG5EVNxYdOOytfYBVUoSp zY0TUKSFrT4Ay7cVnCl4ELc+wNu/AEXfoK4VHDjwps0IFqsd5iZM2fuuXOGq9qG7npEzxGpp7evf2BwaHhkdGw8GpuYzLlW3dFEVrMMyymoiisM3RRZT/cMUbAdodRUQ+TV6rZ/n28Ix9Utc887tsVBTTky9bKuKZ5PyQmSS7E4JSiI2U4ghyCOMFJW7B77OIQFDXXUIGDCY2xAgcu jCBkEm7kDNJlzGOnBvcAphllb5yzBGQqzVV6P+FQMWZPPfk03UGv8isHTYeUs5umJbumNHumOXujzz1rNoIbv5Zh3ta0Vdil6Np35+FdV491D5VvV1bOHMtYDrzp7twPG/4XW1jdOWm+Zjd355gJd0yv7v6JneuAfmI137SYtdi+7+FHZyym3R/7djE6QW07IlJDTK/HkVtioQcxgD ovcjTUksYMUsly9gnO0cCENSEvSirTaTpUioWYKP0La/ALTn5BA</latexit><latexit sha1_base64="0z+qk4QcxYS3W7lzzZr9YJ4m+jM=">AAAChXichVHLSsNAFD2N72erbgQ3YlHcWG5EVNxYdOOytfYBVUoSp zY0TUKSFrT4Ay7cVnCl4ELc+wNu/AEXfoK4VHDjwps0IFqsd5iZM2fuuXOGq9qG7npEzxGpp7evf2BwaHhkdGw8GpuYzLlW3dFEVrMMyymoiisM3RRZT/cMUbAdodRUQ+TV6rZ/n28Ix9Utc887tsVBTTky9bKuKZ5PyQmSS7E4JSiI2U4ghyCOMFJW7B77OIQFDXXUIGDCY2xAgcu jCBkEm7kDNJlzGOnBvcAphllb5yzBGQqzVV6P+FQMWZPPfk03UGv8isHTYeUs5umJbumNHumOXujzz1rNoIbv5Zh3ta0Vdil6Np35+FdV491D5VvV1bOHMtYDrzp7twPG/4XW1jdOWm+Zjd355gJd0yv7v6JneuAfmI137SYtdi+7+FHZyym3R/7djE6QW07IlJDTK/HkVtioQcxgD ovcjTUksYMUsly9gnO0cCENSEvSirTaTpUioWYKP0La/ALTn5BA</latexit><latexit sha1_base64="0z+qk4QcxYS3W7lzzZr9YJ4m+jM=">AAAChXichVHLSsNAFD2N72erbgQ3YlHcWG5EVNxYdOOytfYBVUoSp zY0TUKSFrT4Ay7cVnCl4ELc+wNu/AEXfoK4VHDjwps0IFqsd5iZM2fuuXOGq9qG7npEzxGpp7evf2BwaHhkdGw8GpuYzLlW3dFEVrMMyymoiisM3RRZT/cMUbAdodRUQ+TV6rZ/n28Ix9Utc887tsVBTTky9bKuKZ5PyQmSS7E4JSiI2U4ghyCOMFJW7B77OIQFDXXUIGDCY2xAgcu jCBkEm7kDNJlzGOnBvcAphllb5yzBGQqzVV6P+FQMWZPPfk03UGv8isHTYeUs5umJbumNHumOXujzz1rNoIbv5Zh3ta0Vdil6Np35+FdV491D5VvV1bOHMtYDrzp7twPG/4XW1jdOWm+Zjd355gJd0yv7v6JneuAfmI137SYtdi+7+FHZyym3R/7djE6QW07IlJDTK/HkVtioQcxgD ovcjTUksYMUsly9gnO0cCENSEvSirTaTpUioWYKP0La/ALTn5BA</latexit><latexit sha1_base64="0z+qk4QcxYS3W7lzzZr9YJ4m+jM=">AAAChXichVHLSsNAFD2N72erbgQ3YlHcWG5EVNxYdOOytfYBVUoSp zY0TUKSFrT4Ay7cVnCl4ELc+wNu/AEXfoK4VHDjwps0IFqsd5iZM2fuuXOGq9qG7npEzxGpp7evf2BwaHhkdGw8GpuYzLlW3dFEVrMMyymoiisM3RRZT/cMUbAdodRUQ+TV6rZ/n28Ix9Utc887tsVBTTky9bKuKZ5PyQmSS7E4JSiI2U4ghyCOMFJW7B77OIQFDXXUIGDCY2xAgcu jCBkEm7kDNJlzGOnBvcAphllb5yzBGQqzVV6P+FQMWZPPfk03UGv8isHTYeUs5umJbumNHumOXujzz1rNoIbv5Zh3ta0Vdil6Np35+FdV491D5VvV1bOHMtYDrzp7twPG/4XW1jdOWm+Zjd355gJd0yv7v6JneuAfmI137SYtdi+7+FHZyym3R/7djE6QW07IlJDTK/HkVtioQcxgD ovcjTUksYMUsly9gnO0cCENSEvSirTaTpUioWYKP0La/ALTn5BA</latexit>
1.00
<latexit sha1_base64="D5/62KWxB6LvYOqbV/EdGpufxZA=">AAAChXichVE9S8NQFD2N35+tugguxaK4WG5EVFwsujj2w7aCiiTx1 YamSUjSghb/gINrBScFB3H3D7j4Bxz6E8SxgouDN2lAVKw3vNzzzrvnvvO4qm3orkfUikg9vX39A4NDwyOjY+PR2MRkwbVqjibymmVYzq6quMLQTZH3dM8Qu7YjlKpqiKJa2fLPi3XhuLpl7ngntjioKsemXtI1xfMpOUl0GEsQJz/iv4EcggTCSFuxB+zjCBY01FCFgAmPsQEFLn9 7kEGwmTtAgzmHkR6cC5xhmLU1rhJcoTBb4f8x7/ZC1uS939MN1BrfYvByWBnHHD3THbXpie7phT7+7NUIevheTjirHa2wD6Pn07n3f1VVzh7KX6qunj2UsBZ41dm7HTD+K7SOvn7abOfWs3ONebqhV/Z/TS165BeY9TftNiOyV138qOzljMcj/xzGb1BYSsqUlDPLidRmOKhBzGAWC zyNVaSwjTTy3L2MCzRxKQ1Ii9KytNIplSKhZgrfQtr4BNGBkD8=</latexit><latexit sha1_base64="D5/62KWxB6LvYOqbV/EdGpufxZA=">AAAChXichVE9S8NQFD2N35+tugguxaK4WG5EVFwsujj2w7aCiiTx1 YamSUjSghb/gINrBScFB3H3D7j4Bxz6E8SxgouDN2lAVKw3vNzzzrvnvvO4qm3orkfUikg9vX39A4NDwyOjY+PR2MRkwbVqjibymmVYzq6quMLQTZH3dM8Qu7YjlKpqiKJa2fLPi3XhuLpl7ngntjioKsemXtI1xfMpOUl0GEsQJz/iv4EcggTCSFuxB+zjCBY01FCFgAmPsQEFLn9 7kEGwmTtAgzmHkR6cC5xhmLU1rhJcoTBb4f8x7/ZC1uS939MN1BrfYvByWBnHHD3THbXpie7phT7+7NUIevheTjirHa2wD6Pn07n3f1VVzh7KX6qunj2UsBZ41dm7HTD+K7SOvn7abOfWs3ONebqhV/Z/TS165BeY9TftNiOyV138qOzljMcj/xzGb1BYSsqUlDPLidRmOKhBzGAWC zyNVaSwjTTy3L2MCzRxKQ1Ii9KytNIplSKhZgrfQtr4BNGBkD8=</latexit><latexit sha1_base64="D5/62KWxB6LvYOqbV/EdGpufxZA=">AAAChXichVE9S8NQFD2N35+tugguxaK4WG5EVFwsujj2w7aCiiTx1 YamSUjSghb/gINrBScFB3H3D7j4Bxz6E8SxgouDN2lAVKw3vNzzzrvnvvO4qm3orkfUikg9vX39A4NDwyOjY+PR2MRkwbVqjibymmVYzq6quMLQTZH3dM8Qu7YjlKpqiKJa2fLPi3XhuLpl7ngntjioKsemXtI1xfMpOUl0GEsQJz/iv4EcggTCSFuxB+zjCBY01FCFgAmPsQEFLn9 7kEGwmTtAgzmHkR6cC5xhmLU1rhJcoTBb4f8x7/ZC1uS939MN1BrfYvByWBnHHD3THbXpie7phT7+7NUIevheTjirHa2wD6Pn07n3f1VVzh7KX6qunj2UsBZ41dm7HTD+K7SOvn7abOfWs3ONebqhV/Z/TS165BeY9TftNiOyV138qOzljMcj/xzGb1BYSsqUlDPLidRmOKhBzGAWC zyNVaSwjTTy3L2MCzRxKQ1Ii9KytNIplSKhZgrfQtr4BNGBkD8=</latexit><latexit sha1_base64="D5/62KWxB6LvYOqbV/EdGpufxZA=">AAAChXichVE9S8NQFD2N35+tugguxaK4WG5EVFwsujj2w7aCiiTx1 YamSUjSghb/gINrBScFB3H3D7j4Bxz6E8SxgouDN2lAVKw3vNzzzrvnvvO4qm3orkfUikg9vX39A4NDwyOjY+PR2MRkwbVqjibymmVYzq6quMLQTZH3dM8Qu7YjlKpqiKJa2fLPi3XhuLpl7ngntjioKsemXtI1xfMpOUl0GEsQJz/iv4EcggTCSFuxB+zjCBY01FCFgAmPsQEFLn9 7kEGwmTtAgzmHkR6cC5xhmLU1rhJcoTBb4f8x7/ZC1uS939MN1BrfYvByWBnHHD3THbXpie7phT7+7NUIevheTjirHa2wD6Pn07n3f1VVzh7KX6qunj2UsBZ41dm7HTD+K7SOvn7abOfWs3ONebqhV/Z/TS165BeY9TftNiOyV138qOzljMcj/xzGb1BYSsqUlDPLidRmOKhBzGAWC zyNVaSwjTTy3L2MCzRxKQ1Ii9KytNIplSKhZgrfQtr4BNGBkD8=</latexit>
C(
~ ✓)
<latexit sha1_base64="yGbKhWAuIvJCuSecf6ueTInHbfQ="></latexit><latexit sha1_base64="yGbKhWAuIvJCuSecf6ueTInHbfQ="></latexit><latexit sha1_base64="yGbKhWAuIvJCuSecf6ueTInHbfQ="></latexit><latexit sha1_base64="yGbKhWAuIvJCuSecf6ueTInHbfQ="></latexit>
  = 1/4
<latexit sha1_base64="/dfqRy63I1LLP22giKnWKdIfaJA=">AAACiXichVFNSwJRFL1OX6aVVpugjSRGK3sTQi IEkpuWfuQHqMjM9NSH88XMUzDxD7Rs08I2BS2ifX+gTX+ghT8hWhq0adF1HIiS7A4z77zz7rlzHkc2VWZzQoYeYW5+YXHJu+zzr6yuBYLrGwXbaFsKzSuGalglWbKpynSa54yrtGRaVNJklRblVmp8XuxQy2aGfsq7Jq1qUkNndaZIHKlSx WyyI3E/VguGSZQ4FZoGogvC4FbaCD5CBc7AAAXaoAEFHThiFSSw8SmDCARM5KrQQ85CxJxzCn3wobaNXRQ7JGRb+G3gruyyOu7HM21HreBfVHwtVIYgQl7IPRmRZ/JAXsnnn7N6zoyxly6u8kRLzVrgYiv38a9Kw5VD81s10zOHOsQdrwy9 mw4zvoUy0XfOr0a5RDbS2yW35A3935AhecIb6J135S5Ds4MZfmT00sd4xN9hTIPCQVREnImFk8duUF7Yhh3YwzQOIQknkIa8k8IlDOBa8AuiEBcSk1bB42o24UcJqS8BZZIW</latexit><latexit sha1_base64="/dfqRy63I1LLP22giKnWKdIfaJA=">AAACiXichVFNSwJRFL1OX6aVVpugjSRGK3sTQi IEkpuWfuQHqMjM9NSH88XMUzDxD7Rs08I2BS2ifX+gTX+ghT8hWhq0adF1HIiS7A4z77zz7rlzHkc2VWZzQoYeYW5+YXHJu+zzr6yuBYLrGwXbaFsKzSuGalglWbKpynSa54yrtGRaVNJklRblVmp8XuxQy2aGfsq7Jq1qUkNndaZIHKlSx WyyI3E/VguGSZQ4FZoGogvC4FbaCD5CBc7AAAXaoAEFHThiFSSw8SmDCARM5KrQQ85CxJxzCn3wobaNXRQ7JGRb+G3gruyyOu7HM21HreBfVHwtVIYgQl7IPRmRZ/JAXsnnn7N6zoyxly6u8kRLzVrgYiv38a9Kw5VD81s10zOHOsQdrwy9 mw4zvoUy0XfOr0a5RDbS2yW35A3935AhecIb6J135S5Ds4MZfmT00sd4xN9hTIPCQVREnImFk8duUF7Yhh3YwzQOIQknkIa8k8IlDOBa8AuiEBcSk1bB42o24UcJqS8BZZIW</latexit><latexit sha1_base64="/dfqRy63I1LLP22giKnWKdIfaJA=">AAACiXichVFNSwJRFL1OX6aVVpugjSRGK3sTQi IEkpuWfuQHqMjM9NSH88XMUzDxD7Rs08I2BS2ifX+gTX+ghT8hWhq0adF1HIiS7A4z77zz7rlzHkc2VWZzQoYeYW5+YXHJu+zzr6yuBYLrGwXbaFsKzSuGalglWbKpynSa54yrtGRaVNJklRblVmp8XuxQy2aGfsq7Jq1qUkNndaZIHKlSx WyyI3E/VguGSZQ4FZoGogvC4FbaCD5CBc7AAAXaoAEFHThiFSSw8SmDCARM5KrQQ85CxJxzCn3wobaNXRQ7JGRb+G3gruyyOu7HM21HreBfVHwtVIYgQl7IPRmRZ/JAXsnnn7N6zoyxly6u8kRLzVrgYiv38a9Kw5VD81s10zOHOsQdrwy9 mw4zvoUy0XfOr0a5RDbS2yW35A3935AhecIb6J135S5Ds4MZfmT00sd4xN9hTIPCQVREnImFk8duUF7Yhh3YwzQOIQknkIa8k8IlDOBa8AuiEBcSk1bB42o24UcJqS8BZZIW</latexit><latexit sha1_base64="/dfqRy63I1LLP22giKnWKdIfaJA=">AAACiXichVFNSwJRFL1OX6aVVpugjSRGK3sTQi IEkpuWfuQHqMjM9NSH88XMUzDxD7Rs08I2BS2ifX+gTX+ghT8hWhq0adF1HIiS7A4z77zz7rlzHkc2VWZzQoYeYW5+YXHJu+zzr6yuBYLrGwXbaFsKzSuGalglWbKpynSa54yrtGRaVNJklRblVmp8XuxQy2aGfsq7Jq1qUkNndaZIHKlSx WyyI3E/VguGSZQ4FZoGogvC4FbaCD5CBc7AAAXaoAEFHThiFSSw8SmDCARM5KrQQ85CxJxzCn3wobaNXRQ7JGRb+G3gruyyOu7HM21HreBfVHwtVIYgQl7IPRmRZ/JAXsnnn7N6zoyxly6u8kRLzVrgYiv38a9Kw5VD81s10zOHOsQdrwy9 mw4zvoUy0XfOr0a5RDbS2yW35A3935AhecIb6J135S5Ds4MZfmT00sd4xN9hTIPCQVREnImFk8duUF7Yhh3YwzQOIQknkIa8k8IlDOBa8AuiEBcSk1bB42o24UcJqS8BZZIW</latexit>
FIG. 2. Single-particle Berry curvature F1(~k) and one-
plaquette Chern number C(~θ) at (a),(b) φ = 1/3 and (c),(d)
φ = 1/4. The magnetic unit cell is chosen as (a) 3×1 and (c)
2× 2, respectively. The system size is N = 24 for (b),(d).
With this framework, let us discuss the one-plaquette
Chern number C(~θ) at the filling factor ν = Ne/Nφ =
1/3. Ideally, as we did for the noninteracting case, we
would fix the magnetic flux φ = Nφ/N
2 to a certain value
and compute max~θ |C(~θ)−C| as a function ofN . However,
the number of electrons Ne is fixed to be Ne = νNφ =
(1/3)φN2 and our current limitation of the numerics is
Ne ≤ 5. For example, when φ is set to be 1/3, then Ne =
m2 = 1, 4, 9... corresponding to N = 3m = 3, 6, 9, ....
We would thus get only one data point in the range 2 ≤
Ne ≤ 5, which is certainly insufficient to make figures
like Fig. 1.
To overcome this difficulty, we leverage the data col-
lapse for different values of φ established in the nonin-
teracting limit. We set Nφ = Ne/ν = 3Ne for Ne = 2,
3, 4, and 5, and allow φ = Nφ/N
2 = 3Ne/N
2 to vary
depending on the system size N , rather than fix it to
a certain number. Since Ne ≤ 5, a fairly large system
size (N ∼ 20) naturally falls into the weak magnetic field
regime, where the length scale is set by the magnetic
length lB .
Figure 3 (a) shows max′~θ |C(~θ)−C| at ν = 1/3 as a func-
tion of φ, where ’max′~θ’ refers to the maximum value over
randomly chosen 20 plaquettes out of in total N2θ = 400
plaquettes. The system size N is chosen in such a way
that 1/60 ≤ φ ≤ 1/30. We deduce the value at φ = 0.025
for each Ne by a linear extrapolation [see the red circles
in Fig. 3 (a)]. Using these data, we generate Fig. 3 (b)
that plots max′~θ |C(~θ) − C| as a function of the rescaled
41
1/3
N/lB
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FIG. 3. (a) max′~θ |C(~θ)− C| at the filling factor ν = 1/3 as a
function of the magnetic flux φ in the range 1/60 ≤ φ ≤ 1/30.
Dashed lines are the linear approximation to find the value
for φ = 0.025. (b) max′~θ |C(~θ) − C| at φ = 0.025 for ν = 1/3
and 1. The horizontal axis is the scaled system size N/lB =√
2piNe/ν.
system size N/lB =
√
2piNφ =
√
2piNe/ν. Although the
data point for Ne = 5 slightly deviates from the linear
extrapolation from the other system sizes, Eq. (5) ap-
proximately holds in the ν = 1/3 FQH state, implying
the exponential accuracy of C(~θ) with respect to the sys-
tem size. As a sanity check of our calculation process, we
repeat the same calculation for the noninteracting case
with ν = 1. The result shown in Fig. 3 (b) is consistent
with the one above.
Quantum phase transition and disordered system. —
So far we have investigated the relation between C and
C(~θ) in gapped systems. In the reminder of the work, let
us discuss two situations where the excitation gap closes.
The first example is near a quantum phase transi-
tion. To study this case, let us reuse the noninteract-
ing model above but this time with the next nearest-
neighbor hopping −t′. Here we set φ = 1/3 and ν = 2.
As the value of t′/t increases, the band cap closes at
t′/t = 2−√3 ≈ 0.268 and the Chern number jumps from
−1 to +2 [32].
In the vicinity of the phase transition, the Berry cur-
vature has sharp peaks at ~k = (0, 0), (0, 2pi3 ), and (0,
4pi
3 ),
where the band gap closes as shown in the inset in Fig. 4
(a). Depending on the value of ~θ andN , the discrete sum-
mation in Eq. (7) may or may not contain singular points.
Consequently, the one-plaquette Chern number C(~θ) in
this case is expected to strongly depend on the choice of
the plaquettes. To demonstrate this, here we compute
C(~θ) for the three choices of plaquettes, ~θ = (0, 0), (pi, 0),
and (pi, pi). We denote them by C0, C1, and C2, respec-
tively.
Figure 4 (a) plots C0, C1, and C2 as a function of t′/t.
For N = 30, the sum in C0 contains all three peaks, while
the one for C1,2 includes none of them. Indeed, we see
that only C0 diverges around the transition points. The
accuracy of C1,2 also reduces near the transition since
the size of the gap becomes smaller. In general, the cor-
t0/t
<latexit sha1_base64="+kDN+4e4wrN4lv92I51N3m2cRbg=">AAAChXichVG7SgNBFD1ZH4nvqI1gEww+GuNdCSo2Bm0sk2hUUJHddaKLm91ldxK IIT9gYRvBSsFC7P0BG3/Awk8QSwUbC282C6Ki3mFmzpy5584Zru5api+JHiNKW3tHZzTW1d3T29c/EB8c2vCdsmeIguFYjrela76wTFsUpCktseV6QivpltjUj1aa95sV4fmmY6/Lqit2S9qBbRZNQ5MBNTkj9+JJSlEQiZ9ADUESYWSd+C12sA8HBsooQcCGZGxBg89jGyoILnO7qDHnMTKDe4E6ullb5iz BGRqzR7we8Gk7ZG0+N2v6gdrgVyyeHisTGKcHuqYXuqcbeqL3X2vVghpNL1Xe9ZZWuHsDJyNrb/+qSrxLHH6q/vQsUcRC4NVk727ANH9htPSV48bL2mJ+vDZBl/TM/i/oke74B3bl1bjKifz5H3509lLn9qjfm/ETbMymVEqpuXQysxw2KoZRjGGKuzGPDFaRRYGrH+IUDZwpUWVaSStzrVQlEmqG8SWUpQ/f LJC+</latexit><latexit sha1_base64="+kDN+4e4wrN4lv92I51N3m2cRbg=">AAAChXichVG7SgNBFD1ZH4nvqI1gEww+GuNdCSo2Bm0sk2hUUJHddaKLm91ldxK IIT9gYRvBSsFC7P0BG3/Awk8QSwUbC282C6Ki3mFmzpy5584Zru5api+JHiNKW3tHZzTW1d3T29c/EB8c2vCdsmeIguFYjrela76wTFsUpCktseV6QivpltjUj1aa95sV4fmmY6/Lqit2S9qBbRZNQ5MBNTkj9+JJSlEQiZ9ADUESYWSd+C12sA8HBsooQcCGZGxBg89jGyoILnO7qDHnMTKDe4E6ullb5iz BGRqzR7we8Gk7ZG0+N2v6gdrgVyyeHisTGKcHuqYXuqcbeqL3X2vVghpNL1Xe9ZZWuHsDJyNrb/+qSrxLHH6q/vQsUcRC4NVk727ANH9htPSV48bL2mJ+vDZBl/TM/i/oke74B3bl1bjKifz5H3509lLn9qjfm/ETbMymVEqpuXQysxw2KoZRjGGKuzGPDFaRRYGrH+IUDZwpUWVaSStzrVQlEmqG8SWUpQ/f LJC+</latexit><latexit sha1_base64="+kDN+4e4wrN4lv92I51N3m2cRbg=">AAAChXichVG7SgNBFD1ZH4nvqI1gEww+GuNdCSo2Bm0sk2hUUJHddaKLm91ldxK IIT9gYRvBSsFC7P0BG3/Awk8QSwUbC282C6Ki3mFmzpy5584Zru5api+JHiNKW3tHZzTW1d3T29c/EB8c2vCdsmeIguFYjrela76wTFsUpCktseV6QivpltjUj1aa95sV4fmmY6/Lqit2S9qBbRZNQ5MBNTkj9+JJSlEQiZ9ADUESYWSd+C12sA8HBsooQcCGZGxBg89jGyoILnO7qDHnMTKDe4E6ullb5iz BGRqzR7we8Gk7ZG0+N2v6gdrgVyyeHisTGKcHuqYXuqcbeqL3X2vVghpNL1Xe9ZZWuHsDJyNrb/+qSrxLHH6q/vQsUcRC4NVk727ANH9htPSV48bL2mJ+vDZBl/TM/i/oke74B3bl1bjKifz5H3509lLn9qjfm/ETbMymVEqpuXQysxw2KoZRjGGKuzGPDFaRRYGrH+IUDZwpUWVaSStzrVQlEmqG8SWUpQ/f LJC+</latexit><latexit sha1_base64="+kDN+4e4wrN4lv92I51N3m2cRbg=">AAAChXichVG7SgNBFD1ZH4nvqI1gEww+GuNdCSo2Bm0sk2hUUJHddaKLm91ldxK IIT9gYRvBSsFC7P0BG3/Awk8QSwUbC282C6Ki3mFmzpy5584Zru5api+JHiNKW3tHZzTW1d3T29c/EB8c2vCdsmeIguFYjrela76wTFsUpCktseV6QivpltjUj1aa95sV4fmmY6/Lqit2S9qBbRZNQ5MBNTkj9+JJSlEQiZ9ADUESYWSd+C12sA8HBsooQcCGZGxBg89jGyoILnO7qDHnMTKDe4E6ullb5iz BGRqzR7we8Gk7ZG0+N2v6gdrgVyyeHisTGKcHuqYXuqcbeqL3X2vVghpNL1Xe9ZZWuHsDJyNrb/+qSrxLHH6q/vQsUcRC4NVk727ANH9htPSV48bL2mJ+vDZBl/TM/i/oke74B3bl1bjKifz5H3509lLn9qjfm/ETbMymVEqpuXQysxw2KoZRjGGKuzGPDFaRRYGrH+IUDZwpUWVaSStzrVQlEmqG8SWUpQ/f LJC+</latexit>
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<latexit sha1_base64="I+PAw7RKvu5wb8YP4f6+0MDp09k=">AAAChHichVG7SgNBFD2u72eiNoJNMCgWEu76QLGQoI1lYowKKmF3HeOQze6yuwnEkB8QbE1hpWAh9v6AjT9gkU8Qywg2Ft5sF kRFvcPMnDlzz50zXN0xpecTNTqUzq7unt6+/oHBoeGRSHR0bMezS64hsoZt2u6ernnClJbI+tI3xZ7jCq2om2JXL2y07nfLwvWkbW37FUccFrW8JY+loflMZQq5Si4apwQFEfsJ1BDEEUbKjt7jAEewYaCEIgQs+IxNaPB47EMFwWHuEFXmXEYyuBeoYYC1Jc4SnKExW+A1z6f9kLX43KrpBWqDXzF5uqyMYZqe6Jaa9Eh39Ezvv9aqBjVaXiq8622tcHKRs4nM27+qIu8+Tj5Vf3r2cYyVwKtk707AtH 5htPXl03ozs7o1XZ2ha3ph/1fUoAf+gVV+NW7SYuvyDz86e6lxe9TvzfgJduYTKiXU9GI8uR42qg+TmMIsd2MZSWwihSxXz+McF6grPcqcsqAstVOVjlAzji+hrH0Aw5yQuQ==</latexit><latexit sha1_base64="I+PAw7RKvu5wb8YP4f6+0MDp09k=">AAAChHichVG7SgNBFD2u72eiNoJNMCgWEu76QLGQoI1lYowKKmF3HeOQze6yuwnEkB8QbE1hpWAh9v6AjT9gkU8Qywg2Ft5sF kRFvcPMnDlzz50zXN0xpecTNTqUzq7unt6+/oHBoeGRSHR0bMezS64hsoZt2u6ernnClJbI+tI3xZ7jCq2om2JXL2y07nfLwvWkbW37FUccFrW8JY+loflMZQq5Si4apwQFEfsJ1BDEEUbKjt7jAEewYaCEIgQs+IxNaPB47EMFwWHuEFXmXEYyuBeoYYC1Jc4SnKExW+A1z6f9kLX43KrpBWqDXzF5uqyMYZqe6Jaa9Eh39Ezvv9aqBjVaXiq8622tcHKRs4nM27+qIu8+Tj5Vf3r2cYyVwKtk707AtH 5htPXl03ozs7o1XZ2ha3ph/1fUoAf+gVV+NW7SYuvyDz86e6lxe9TvzfgJduYTKiXU9GI8uR42qg+TmMIsd2MZSWwihSxXz+McF6grPcqcsqAstVOVjlAzji+hrH0Aw5yQuQ==</latexit><latexit sha1_base64="I+PAw7RKvu5wb8YP4f6+0MDp09k=">AAAChHichVG7SgNBFD2u72eiNoJNMCgWEu76QLGQoI1lYowKKmF3HeOQze6yuwnEkB8QbE1hpWAh9v6AjT9gkU8Qywg2Ft5sF kRFvcPMnDlzz50zXN0xpecTNTqUzq7unt6+/oHBoeGRSHR0bMezS64hsoZt2u6ernnClJbI+tI3xZ7jCq2om2JXL2y07nfLwvWkbW37FUccFrW8JY+loflMZQq5Si4apwQFEfsJ1BDEEUbKjt7jAEewYaCEIgQs+IxNaPB47EMFwWHuEFXmXEYyuBeoYYC1Jc4SnKExW+A1z6f9kLX43KrpBWqDXzF5uqyMYZqe6Jaa9Eh39Ezvv9aqBjVaXiq8622tcHKRs4nM27+qIu8+Tj5Vf3r2cYyVwKtk707AtH 5htPXl03ozs7o1XZ2ha3ph/1fUoAf+gVV+NW7SYuvyDz86e6lxe9TvzfgJduYTKiXU9GI8uR42qg+TmMIsd2MZSWwihSxXz+McF6grPcqcsqAstVOVjlAzji+hrH0Aw5yQuQ==</latexit><latexit sha1_base64="I+PAw7RKvu5wb8YP4f6+0MDp09k=">AAAChHichVG7SgNBFD2u72eiNoJNMCgWEu76QLGQoI1lYowKKmF3HeOQze6yuwnEkB8QbE1hpWAh9v6AjT9gkU8Qywg2Ft5sF kRFvcPMnDlzz50zXN0xpecTNTqUzq7unt6+/oHBoeGRSHR0bMezS64hsoZt2u6ernnClJbI+tI3xZ7jCq2om2JXL2y07nfLwvWkbW37FUccFrW8JY+loflMZQq5Si4apwQFEfsJ1BDEEUbKjt7jAEewYaCEIgQs+IxNaPB47EMFwWHuEFXmXEYyuBeoYYC1Jc4SnKExW+A1z6f9kLX43KrpBWqDXzF5uqyMYZqe6Jaa9Eh39Ezvv9aqBjVaXiq8622tcHKRs4nM27+qIu8+Tj5Vf3r2cYyVwKtk707AtH 5htPXl03ozs7o1XZ2ha3ph/1fUoAf+gVV+NW7SYuvyDz86e6lxe9TvzfgJduYTKiXU9GI8uR42qg+TmMIsd2MZSWwihSxXz+McF6grPcqcsqAstVOVjlAzji+hrH0Aw5yQuQ==</latexit>
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<latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit>
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<latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit>
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<latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit>
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 1<latexit sha1_base64="vuWoyHN+LVrBbRpZe3Ou0HnpaTU=">AAACg3ichVG7SgNBFD1ZX/GZqI1gEwyKIIa7IaAIgmhjmUS jgorsrhNdsi92J4EY/AGxVQsrBQux9wds/AELP0EsFWwsvNksiIp6h5k5c+aeO2e4umeZgSR6jClt7R2dXfHunt6+/oFEcnBoLXCrviFKhmu5/oauBcIyHVGSprTEhucLzdYtsa5Xlpr36zXhB6brrMq6J7Ztbc8xy6ahSaaK0+pOMk0ZCiP1E6gRSCOKvJu8xRZ24 cJAFTYEHEjGFjQEPDahguAxt40Gcz4jM7wXOEQPa6ucJThDY7bC6x6fNiPW4XOzZhCqDX7F4umzMoVxeqBreqF7uqEnev+1ViOs0fRS511vaYW3kzgaWXn7V2XzLrH/qfrTs0QZs6FXk717IdP8hdHS1w7OXlbmiuONCbqkZ/Z/QY90xz9waq/GVUEUz//wo7OXQ26 P+r0ZP8FaNqNSRi3k0guLUaPiGMUYJrkbM1jAMvIocfUyjnGCU6VDmVKySq6VqsQizTC+hDL/Abggj8o=</latexit><latexit sha1_base64="vuWoyHN+LVrBbRpZe3Ou0HnpaTU=">AAACg3ichVG7SgNBFD1ZX/GZqI1gEwyKIIa7IaAIgmhjmUS jgorsrhNdsi92J4EY/AGxVQsrBQux9wds/AELP0EsFWwsvNksiIp6h5k5c+aeO2e4umeZgSR6jClt7R2dXfHunt6+/oFEcnBoLXCrviFKhmu5/oauBcIyHVGSprTEhucLzdYtsa5Xlpr36zXhB6brrMq6J7Ztbc8xy6ahSaaK0+pOMk0ZCiP1E6gRSCOKvJu8xRZ24 cJAFTYEHEjGFjQEPDahguAxt40Gcz4jM7wXOEQPa6ucJThDY7bC6x6fNiPW4XOzZhCqDX7F4umzMoVxeqBreqF7uqEnev+1ViOs0fRS511vaYW3kzgaWXn7V2XzLrH/qfrTs0QZs6FXk717IdP8hdHS1w7OXlbmiuONCbqkZ/Z/QY90xz9waq/GVUEUz//wo7OXQ26 P+r0ZP8FaNqNSRi3k0guLUaPiGMUYJrkbM1jAMvIocfUyjnGCU6VDmVKySq6VqsQizTC+hDL/Abggj8o=</latexit><latexit sha1_base64="vuWoyHN+LVrBbRpZe3Ou0HnpaTU=">AAACg3ichVG7SgNBFD1ZX/GZqI1gEwyKIIa7IaAIgmhjmUS jgorsrhNdsi92J4EY/AGxVQsrBQux9wds/AELP0EsFWwsvNksiIp6h5k5c+aeO2e4umeZgSR6jClt7R2dXfHunt6+/oFEcnBoLXCrviFKhmu5/oauBcIyHVGSprTEhucLzdYtsa5Xlpr36zXhB6brrMq6J7Ztbc8xy6ahSaaK0+pOMk0ZCiP1E6gRSCOKvJu8xRZ24 cJAFTYEHEjGFjQEPDahguAxt40Gcz4jM7wXOEQPa6ucJThDY7bC6x6fNiPW4XOzZhCqDX7F4umzMoVxeqBreqF7uqEnev+1ViOs0fRS511vaYW3kzgaWXn7V2XzLrH/qfrTs0QZs6FXk717IdP8hdHS1w7OXlbmiuONCbqkZ/Z/QY90xz9waq/GVUEUz//wo7OXQ26 P+r0ZP8FaNqNSRi3k0guLUaPiGMUYJrkbM1jAMvIocfUyjnGCU6VDmVKySq6VqsQizTC+hDL/Abggj8o=</latexit><latexit sha1_base64="vuWoyHN+LVrBbRpZe3Ou0HnpaTU=">AAACg3ichVG7SgNBFD1ZX/GZqI1gEwyKIIa7IaAIgmhjmUS jgorsrhNdsi92J4EY/AGxVQsrBQux9wds/AELP0EsFWwsvNksiIp6h5k5c+aeO2e4umeZgSR6jClt7R2dXfHunt6+/oFEcnBoLXCrviFKhmu5/oauBcIyHVGSprTEhucLzdYtsa5Xlpr36zXhB6brrMq6J7Ztbc8xy6ahSaaK0+pOMk0ZCiP1E6gRSCOKvJu8xRZ24 cJAFTYEHEjGFjQEPDahguAxt40Gcz4jM7wXOEQPa6ucJThDY7bC6x6fNiPW4XOzZhCqDX7F4umzMoVxeqBreqF7uqEnev+1ViOs0fRS511vaYW3kzgaWXn7V2XzLrH/qfrTs0QZs6FXk717IdP8hdHS1w7OXlbmiuONCbqkZ/Z/QY90xz9waq/GVUEUz//wo7OXQ26 P+r0ZP8FaNqNSRi3k0guLUaPiGMUYJrkbM1jAMvIocfUyjnGCU6VDmVKySq6VqsQizTC+hDL/Abggj8o=</latexit>
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<latexit sha1_base64="aJZd/Xi+50pzomdLVdPzsAvEeSI=">AAACg3ichVHLSsNAFD3GV62PVt0IboqlIgjlRgqKIIhuXGprVai lJHFaB9MkJGmhFn9A3KoLVwouxL0/4MYfcOEniEsFNy68TQOiRb3DzJw5c8+dM1zdMaXnEz11Kd09vX39kYHo4NDwSCw+Orbl2TXXEHnDNm13R9c8YUpL5H3pm2LHcYVW1U2xrR+stu6368L1pG1t+g1HFKtaxZJlaWg+U1mKluJJSlMQiU6ghiCJMNbt+B12sQcbBmqoQsCCz 9iEBo9HASoIDnNFNJlzGcngXuAIUdbWOEtwhsbsAa8VPhVC1uJzq6YXqA1+xeTpsjKBFD3SDb3SA93SM338WqsZ1Gh5afCut7XCKcWOJ3Lv/6qqvPvY/1L96dlHGQuBV8nenYBp/cJo6+uH56+5xWyqOU1X9ML+L+mJ7vkHVv3NuN4Q2Ys//Ojs5Yjbo/5sRifYmkurlFY3Msn llbBREUxiCjPcjXksYw3ryHP1Mk5wijOlV5lV5pRMO1XpCjXj+BbK0idr64+m</latexit><latexit sha1_base64="aJZd/Xi+50pzomdLVdPzsAvEeSI=">AAACg3ichVHLSsNAFD3GV62PVt0IboqlIgjlRgqKIIhuXGprVai lJHFaB9MkJGmhFn9A3KoLVwouxL0/4MYfcOEniEsFNy68TQOiRb3DzJw5c8+dM1zdMaXnEz11Kd09vX39kYHo4NDwSCw+Orbl2TXXEHnDNm13R9c8YUpL5H3pm2LHcYVW1U2xrR+stu6368L1pG1t+g1HFKtaxZJlaWg+U1mKluJJSlMQiU6ghiCJMNbt+B12sQcbBmqoQsCCz 9iEBo9HASoIDnNFNJlzGcngXuAIUdbWOEtwhsbsAa8VPhVC1uJzq6YXqA1+xeTpsjKBFD3SDb3SA93SM338WqsZ1Gh5afCut7XCKcWOJ3Lv/6qqvPvY/1L96dlHGQuBV8nenYBp/cJo6+uH56+5xWyqOU1X9ML+L+mJ7vkHVv3NuN4Q2Ys//Ojs5Yjbo/5sRifYmkurlFY3Msn llbBREUxiCjPcjXksYw3ryHP1Mk5wijOlV5lV5pRMO1XpCjXj+BbK0idr64+m</latexit><latexit sha1_base64="aJZd/Xi+50pzomdLVdPzsAvEeSI=">AAACg3ichVHLSsNAFD3GV62PVt0IboqlIgjlRgqKIIhuXGprVai lJHFaB9MkJGmhFn9A3KoLVwouxL0/4MYfcOEniEsFNy68TQOiRb3DzJw5c8+dM1zdMaXnEz11Kd09vX39kYHo4NDwSCw+Orbl2TXXEHnDNm13R9c8YUpL5H3pm2LHcYVW1U2xrR+stu6368L1pG1t+g1HFKtaxZJlaWg+U1mKluJJSlMQiU6ghiCJMNbt+B12sQcbBmqoQsCCz 9iEBo9HASoIDnNFNJlzGcngXuAIUdbWOEtwhsbsAa8VPhVC1uJzq6YXqA1+xeTpsjKBFD3SDb3SA93SM338WqsZ1Gh5afCut7XCKcWOJ3Lv/6qqvPvY/1L96dlHGQuBV8nenYBp/cJo6+uH56+5xWyqOU1X9ML+L+mJ7vkHVv3NuN4Q2Ys//Ojs5Yjbo/5sRifYmkurlFY3Msn llbBREUxiCjPcjXksYw3ryHP1Mk5wijOlV5lV5pRMO1XpCjXj+BbK0idr64+m</latexit><latexit sha1_base64="aJZd/Xi+50pzomdLVdPzsAvEeSI=">AAACg3ichVHLSsNAFD3GV62PVt0IboqlIgjlRgqKIIhuXGprVai lJHFaB9MkJGmhFn9A3KoLVwouxL0/4MYfcOEniEsFNy68TQOiRb3DzJw5c8+dM1zdMaXnEz11Kd09vX39kYHo4NDwSCw+Orbl2TXXEHnDNm13R9c8YUpL5H3pm2LHcYVW1U2xrR+stu6368L1pG1t+g1HFKtaxZJlaWg+U1mKluJJSlMQiU6ghiCJMNbt+B12sQcbBmqoQsCCz 9iEBo9HASoIDnNFNJlzGcngXuAIUdbWOEtwhsbsAa8VPhVC1uJzq6YXqA1+xeTpsjKBFD3SDb3SA93SM338WqsZ1Gh5afCut7XCKcWOJ3Lv/6qqvPvY/1L96dlHGQuBV8nenYBp/cJo6+uH56+5xWyqOU1X9ML+L+mJ7vkHVv3NuN4Q2Ys//Ojs5Yjbo/5sRifYmkurlFY3Msn llbBREUxiCjPcjXksYw3ryHP1Mk5wijOlV5lV5pRMO1XpCjXj+BbK0idr64+m</latexit>
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<latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit>
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<latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit>
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<latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit>
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<latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit><latexit sha1_base64="hJF1EQvee+w/8iAMBkAS/i8ZHXw=">AAACw3ichVG7SgNBFD2urxhfURvBRgyKVbgrgmIVFMEyURMFI2F3HZMl+2J3Et CQH/AHLKwUFMTeH7CxsFXwE8RSwcbCm82CGlHvMjvnnrnnzhmu7llmIIkeO5TOru6e3lhfvH9gcGg4MTKaD9yqb4ic4Vquv61rgbBMR+SkKS2x7flCs3VLbOmVleb5Vk34gek6m/LAE7u2VnLMfdPQJFPFRHqmYGuybGhWfaVRKMS/pkVqJ9R2Yi5eTCQpRWFM/gRqBJKIIuMmrlHAHlwYqMKGgAPJ2IKG gL8dqCB4zO2izpzPyAzPBRqIs7bKVYIrNGYr/C9xthOxDufNnkGoNvgWi5fPyklM0z1d0gvd0hU90fuvvephj6aXA971llZ4xeGj8Y23f1U27xLlT9WfniX2sRh6Ndm7FzLNVxgtfe3w+GVjaX26PkNn9Mz+T+mRbvgFTu3VOM+K9ZM//OjspcHjUduH8RPk51IqpdTsfDK9HA0qhglMYZansYA01pBBjr tf4A73eFBWlYriK7JVqnREmjF8C6XxAcsvqGU=</latexit>
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<latexit sha1_base64="VjMJ5OnrgKahuFg0MHe6JyKzZpQ=">AAACg3ichVHLSsNAFD2N72erbgQ3YlEEsdzUgiIIRTcu22pbQaUkcVpD0yQkaUFLf0DcqgtXCi7EvT/gxh9w4SeIywpuXH ibBkTFeoeZOXPmnjtnuKpt6K5H9BySurp7evv6BwaHhkdGw5Gx8ZxrVR1NZDXLsJwdVXGFoZsi6+meIXZsRygV1RB5tbzRus/XhOPqlrntHdliv6KUTL2oa4rHVGZxqRCJUoz8mP4N5ABEEUTKitxjDwewoKGKCgRMeIwNKHB57EIGwWZuH3XmHEa6fy/QwCBrq5wlOENhtsxriU+7AWvyuVXT9dUav2LwdFg5jVl6oltq0iPd0Qt9/Fmr7tdoeTniXW1rhV0In0xuvf+rqvDu4fBL1dGzhyJW fK86e7d9pvULra2vHV80t1Yzs/U5uqZX9n9Fz/TAPzBrb9pNWmQuO/hR2UuD2yP/bMZvkIvHZIrJ6UQ0uR40qh9TmME8d2MZSWwihSxXL+IUZziXeqQFKS4l2qlSKNBM4FtIa5+8XI/M</latexit><latexit sha1_base64="VjMJ5OnrgKahuFg0MHe6JyKzZpQ=">AAACg3ichVHLSsNAFD2N72erbgQ3YlEEsdzUgiIIRTcu22pbQaUkcVpD0yQkaUFLf0DcqgtXCi7EvT/gxh9w4SeIywpuXH ibBkTFeoeZOXPmnjtnuKpt6K5H9BySurp7evv6BwaHhkdGw5Gx8ZxrVR1NZDXLsJwdVXGFoZsi6+meIXZsRygV1RB5tbzRus/XhOPqlrntHdliv6KUTL2oa4rHVGZxqRCJUoz8mP4N5ABEEUTKitxjDwewoKGKCgRMeIwNKHB57EIGwWZuH3XmHEa6fy/QwCBrq5wlOENhtsxriU+7AWvyuVXT9dUav2LwdFg5jVl6oltq0iPd0Qt9/Fmr7tdoeTniXW1rhV0In0xuvf+rqvDu4fBL1dGzhyJW fK86e7d9pvULra2vHV80t1Yzs/U5uqZX9n9Fz/TAPzBrb9pNWmQuO/hR2UuD2yP/bMZvkIvHZIrJ6UQ0uR40qh9TmME8d2MZSWwihSxXL+IUZziXeqQFKS4l2qlSKNBM4FtIa5+8XI/M</latexit><latexit sha1_base64="VjMJ5OnrgKahuFg0MHe6JyKzZpQ=">AAACg3ichVHLSsNAFD2N72erbgQ3YlEEsdzUgiIIRTcu22pbQaUkcVpD0yQkaUFLf0DcqgtXCi7EvT/gxh9w4SeIywpuXH ibBkTFeoeZOXPmnjtnuKpt6K5H9BySurp7evv6BwaHhkdGw5Gx8ZxrVR1NZDXLsJwdVXGFoZsi6+meIXZsRygV1RB5tbzRus/XhOPqlrntHdliv6KUTL2oa4rHVGZxqRCJUoz8mP4N5ABEEUTKitxjDwewoKGKCgRMeIwNKHB57EIGwWZuH3XmHEa6fy/QwCBrq5wlOENhtsxriU+7AWvyuVXT9dUav2LwdFg5jVl6oltq0iPd0Qt9/Fmr7tdoeTniXW1rhV0In0xuvf+rqvDu4fBL1dGzhyJW fK86e7d9pvULra2vHV80t1Yzs/U5uqZX9n9Fz/TAPzBrb9pNWmQuO/hR2UuD2yP/bMZvkIvHZIrJ6UQ0uR40qh9TmME8d2MZSWwihSxXL+IUZziXeqQFKS4l2qlSKNBM4FtIa5+8XI/M</latexit><latexit sha1_base64="VjMJ5OnrgKahuFg0MHe6JyKzZpQ=">AAACg3ichVHLSsNAFD2N72erbgQ3YlEEsdzUgiIIRTcu22pbQaUkcVpD0yQkaUFLf0DcqgtXCi7EvT/gxh9w4SeIywpuXH ibBkTFeoeZOXPmnjtnuKpt6K5H9BySurp7evv6BwaHhkdGw5Gx8ZxrVR1NZDXLsJwdVXGFoZsi6+meIXZsRygV1RB5tbzRus/XhOPqlrntHdliv6KUTL2oa4rHVGZxqRCJUoz8mP4N5ABEEUTKitxjDwewoKGKCgRMeIwNKHB57EIGwWZuH3XmHEa6fy/QwCBrq5wlOENhtsxriU+7AWvyuVXT9dUav2LwdFg5jVl6oltq0iPd0Qt9/Fmr7tdoeTniXW1rhV0In0xuvf+rqvDu4fBL1dGzhyJW fK86e7d9pvULra2vHV80t1Yzs/U5uqZX9n9Fz/TAPzBrb9pNWmQuO/hR2UuD2yP/bMZvkIvHZIrJ6UQ0uR40qh9TmME8d2MZSWwihSxXL+IUZziXeqQFKS4l2qlSKNBM4FtIa5+8XI/M</latexit>
2<latexit sha1_base64="pkF3rSIYrvby2FvYfYHYAxkNGiE=">AAACgnichVFNLwNRFD0dRX222EhsRFMRi+YOEiIWwsayLUVSjcyM15qYzkxmXptU4w+wJRZWJBZi7w/Y+AMWfoJYkthYuJ1OIjS4L++98867577zcnXXMn1J9BRROqKdXd2xnt6+/oHBeGJoeNN3qp4h8oZjOd62rvnCMm2Rl6a0xLbrCa2iW2JLP1ht3m/VhOebjr0h664oVrSybZZMQ5NMZWd2E0lKUxDj 7UANQRJhZJzEHXawBwcGqqhAwIZkbEGDz6MAFQSXuSIazHmMzOBe4Ai9rK1yluAMjdkDXst8KoSszedmTT9QG/yKxdNj5ThS9Eg39EoPdEvP9PFrrUZQo+mlzrve0gp3N348uv7+r6rCu8T+l+pPzxIlLAReTfbuBkzzF0ZLXzs8f11fzKUak3RFL+z/kp7onn9g196M66zIXfzhR2cvR9we9Wcz2sHmTFqltJqdSy6vhI2KYQwTmOJuzGMZa8ggz9UFTnCKMyWqTCuqMttKVSKhZgTfQln6BDVNj5Q=</latexit><latexit sha1_base64="pkF3rSIYrvby2FvYfYHYAxkNGiE=">AAACgnichVFNLwNRFD0dRX222EhsRFMRi+YOEiIWwsayLUVSjcyM15qYzkxmXptU4w+wJRZWJBZi7w/Y+AMWfoJYkthYuJ1OIjS4L++98867577zcnXXMn1J9BRROqKdXd2xnt6+/oHBeGJoeNN3qp4h8oZjOd62rvnCMm2Rl6a0xLbrCa2iW2JLP1ht3m/VhOebjr0h664oVrSybZZMQ5NMZWd2E0lKUxDj 7UANQRJhZJzEHXawBwcGqqhAwIZkbEGDz6MAFQSXuSIazHmMzOBe4Ai9rK1yluAMjdkDXst8KoSszedmTT9QG/yKxdNj5ThS9Eg39EoPdEvP9PFrrUZQo+mlzrve0gp3N348uv7+r6rCu8T+l+pPzxIlLAReTfbuBkzzF0ZLXzs8f11fzKUak3RFL+z/kp7onn9g196M66zIXfzhR2cvR9we9Wcz2sHmTFqltJqdSy6vhI2KYQwTmOJuzGMZa8ggz9UFTnCKMyWqTCuqMttKVSKhZgTfQln6BDVNj5Q=</latexit><latexit sha1_base64="pkF3rSIYrvby2FvYfYHYAxkNGiE=">AAACgnichVFNLwNRFD0dRX222EhsRFMRi+YOEiIWwsayLUVSjcyM15qYzkxmXptU4w+wJRZWJBZi7w/Y+AMWfoJYkthYuJ1OIjS4L++98867577zcnXXMn1J9BRROqKdXd2xnt6+/oHBeGJoeNN3qp4h8oZjOd62rvnCMm2Rl6a0xLbrCa2iW2JLP1ht3m/VhOebjr0h664oVrSybZZMQ5NMZWd2E0lKUxDj 7UANQRJhZJzEHXawBwcGqqhAwIZkbEGDz6MAFQSXuSIazHmMzOBe4Ai9rK1yluAMjdkDXst8KoSszedmTT9QG/yKxdNj5ThS9Eg39EoPdEvP9PFrrUZQo+mlzrve0gp3N348uv7+r6rCu8T+l+pPzxIlLAReTfbuBkzzF0ZLXzs8f11fzKUak3RFL+z/kp7onn9g196M66zIXfzhR2cvR9we9Wcz2sHmTFqltJqdSy6vhI2KYQwTmOJuzGMZa8ggz9UFTnCKMyWqTCuqMttKVSKhZgTfQln6BDVNj5Q=</latexit><latexit sha1_base64="pkF3rSIYrvby2FvYfYHYAxkNGiE=">AAACgnichVFNLwNRFD0dRX222EhsRFMRi+YOEiIWwsayLUVSjcyM15qYzkxmXptU4w+wJRZWJBZi7w/Y+AMWfoJYkthYuJ1OIjS4L++98867577zcnXXMn1J9BRROqKdXd2xnt6+/oHBeGJoeNN3qp4h8oZjOd62rvnCMm2Rl6a0xLbrCa2iW2JLP1ht3m/VhOebjr0h664oVrSybZZMQ5NMZWd2E0lKUxDj 7UANQRJhZJzEHXawBwcGqqhAwIZkbEGDz6MAFQSXuSIazHmMzOBe4Ai9rK1yluAMjdkDXst8KoSszedmTT9QG/yKxdNj5ThS9Eg39EoPdEvP9PFrrUZQo+mlzrve0gp3N348uv7+r6rCu8T+l+pPzxIlLAReTfbuBkzzF0ZLXzs8f11fzKUak3RFL+z/kp7onn9g196M66zIXfzhR2cvR9we9Wcz2sHmTFqltJqdSy6vhI2KYQwTmOJuzGMZa8ggz9UFTnCKMyWqTCuqMttKVSKhZgTfQln6BDVNj5Q=</latexit> 4<latexit sha1_base64="ZAQq4fbSfcoOTuWVWCcw9nCRzUM=">AAACgnichVG7SgNBFD1ZX/EdtRFsxBARi3BXBUUsgjaWiRoVYpDddRKXbHaX3UkghvyAtoqFlYKF2PsDNv6AhZ8glgo2Ft5sFkSDeoeZOXPmnjtnuLprmb4keoooHZ1d3T3R3r7+gcGh4djI6LbvVDxDZA3HcrxdXfOFZdoiK01piV3XE1pZt8SOXlpr3u9Uheebjr0la67Il7WibRZMQ5NMZRb2Y3FKUhCT 7UANQRxhpJ3YHfZwAAcGKihDwIZkbEGDzyMHFQSXuTzqzHmMzOBeoIE+1lY4S3CGxmyJ1yKfciFr87lZ0w/UBr9i8fRYOYkEPdINvdID3dIzffxaqx7UaHqp8a63tMLdHz4e33z/V1XmXeLwS/WnZ4kClgKvJnt3A6b5C6Olrx6dv24ubyTq03RFL+z/kp7onn9gV9+M64zYuPjDj85eGtwe9Wcz2sH2XFKlpJpZiKdWw0ZFMYEpzHA3FpHCOtLIcnWBE5ziTOlUZhVVmW+lKpFQM4Zvoax8AjmJj5Y=</latexit><latexit sha1_base64="XboWtoa++SkgUTnBGzXHO89VfiM=">AAACfnichVG7SgNBFD2urxhf0UqwEUNELMJdERQr0cZSjVEhhrC7TuLgZnfZnQQ05Ae0VSysFCzE3h+w8Qcs8gliqWBj4c1mQTQY7zAzZ87cc+cM1/RsGSiiRpfW3dPb1x8biA8ODY+MJuJjO4Fb8S2RtVzb9fdMIxC2dERWSWWLPc8XRtm0xa55tNa8360KP5Cus62OPZEvGyVHFqVlKKY2FwqJJKUpjKl2 oEcgiSg23MQD9nEAFxYqKEPAgWJsw0DAIwcdBI+5PGrM+YxkeC9QR5y1Fc4SnGEwe8RriU+5iHX43KwZhGqLX7F5+qycQoqe6Y7e6Inu6YU+/6xVC2s0vRzzbra0wiuMnk5kPv5VlXlXOPxWdfSsUMRS6FWydy9kmr+wWvrqyeVbZnkrVZuhG3pl/9fUoEf+gVN9t243xdZVBz8me6lze/TfzWgHO/NpndJ6cmU1alMMk5jGLPdiEStYxwayXFvgDOe40Hq0OU1vJWpdkWIcP0Jb/gLGWo7R</latexit><latexit sha1_base64="XboWtoa++SkgUTnBGzXHO89VfiM=">AAACfnichVG7SgNBFD2urxhf0UqwEUNELMJdERQr0cZSjVEhhrC7TuLgZnfZnQQ05Ae0VSysFCzE3h+w8Qcs8gliqWBj4c1mQTQY7zAzZ87cc+cM1/RsGSiiRpfW3dPb1x8biA8ODY+MJuJjO4Fb8S2RtVzb9fdMIxC2dERWSWWLPc8XRtm0xa55tNa8360KP5Cus62OPZEvGyVHFqVlKKY2FwqJJKUpjKl2 oEcgiSg23MQD9nEAFxYqKEPAgWJsw0DAIwcdBI+5PGrM+YxkeC9QR5y1Fc4SnGEwe8RriU+5iHX43KwZhGqLX7F5+qycQoqe6Y7e6Inu6YU+/6xVC2s0vRzzbra0wiuMnk5kPv5VlXlXOPxWdfSsUMRS6FWydy9kmr+wWvrqyeVbZnkrVZuhG3pl/9fUoEf+gVN9t243xdZVBz8me6lze/TfzWgHO/NpndJ6cmU1alMMk5jGLPdiEStYxwayXFvgDOe40Hq0OU1vJWpdkWIcP0Jb/gLGWo7R</latexit><latexit sha1_base64="XboWtoa++SkgUTnBGzXHO89VfiM=">AAACfnichVG7SgNBFD2urxhf0UqwEUNELMJdERQr0cZSjVEhhrC7TuLgZnfZnQQ05Ae0VSysFCzE3h+w8Qcs8gliqWBj4c1mQTQY7zAzZ87cc+cM1/RsGSiiRpfW3dPb1x8biA8ODY+MJuJjO4Fb8S2RtVzb9fdMIxC2dERWSWWLPc8XRtm0xa55tNa8360KP5Cus62OPZEvGyVHFqVlKKY2FwqJJKUpjKl2 oEcgiSg23MQD9nEAFxYqKEPAgWJsw0DAIwcdBI+5PGrM+YxkeC9QR5y1Fc4SnGEwe8RriU+5iHX43KwZhGqLX7F5+qycQoqe6Y7e6Inu6YU+/6xVC2s0vRzzbra0wiuMnk5kPv5VlXlXOPxWdfSsUMRS6FWydy9kmr+wWvrqyeVbZnkrVZuhG3pl/9fUoEf+gVN9t243xdZVBz8me6lze/TfzWgHO/NpndJ6cmU1alMMk5jGLPdiEStYxwayXFvgDOe40Hq0OU1vJWpdkWIcP0Jb/gLGWo7R</latexit> 6<latexit sha1_base64="gRXpd90v3PZ7eEh2+D7/NY6betI=">AAACgnichVG7SgNBFD1Z4ys+ErURbIIhIhbhroqKWARtLPMwJhCD7K6jLm52l91NQEN+QFvFwkrBQuz9ARt/wCKfIJYKNhbebBZERb3DzJw5c8+dM1zVNnTXI2qFpK5wd09vX39kYHBoOBobGd10rZqjiYJmGZZTUhVXGLopCp7uGaJkO0KpqoYoqgdr7ftiXTiubpkb3qEtKlVlz9R3dU3xmMoubMcSlCI/4j+BHIAEgsh YsTtsYQcWNNRQhYAJj7EBBS6PMmQQbOYqaDDnMNL9e4EmIqytcZbgDIXZA173+FQOWJPP7Zqur9b4FYOnw8o4kvRIN/RCD3RLT/T+a62GX6Pt5ZB3taMV9nb0eDz/9q+qyruH/U/Vn5497GLJ96qzd9tn2r/QOvr60flLfjmXbEzRFT2z/0tq0T3/wKy/atdZkbv4w4/KXprcHvl7M36CzdmUTCk5O59IrwaN6sMEJjHN3VhEGuvIoMDVBU5wijMpLM1IsjTXSZVCgWYMX0Ja+QA9xY+Y</latexit><latexit sha1_base64="gRXpd90v3PZ7eEh2+D7/NY6betI=">AAACgnichVG7SgNBFD1Z4ys+ErURbIIhIhbhroqKWARtLPMwJhCD7K6jLm52l91NQEN+QFvFwkrBQuz9ARt/wCKfIJYKNhbebBZERb3DzJw5c8+dM1zVNnTXI2qFpK5wd09vX39kYHBoOBobGd10rZqjiYJmGZZTUhVXGLopCp7uGaJkO0KpqoYoqgdr7ftiXTiubpkb3qEtKlVlz9R3dU3xmMoubMcSlCI/4j+BHIAEgsh YsTtsYQcWNNRQhYAJj7EBBS6PMmQQbOYqaDDnMNL9e4EmIqytcZbgDIXZA173+FQOWJPP7Zqur9b4FYOnw8o4kvRIN/RCD3RLT/T+a62GX6Pt5ZB3taMV9nb0eDz/9q+qyruH/U/Vn5497GLJ96qzd9tn2r/QOvr60flLfjmXbEzRFT2z/0tq0T3/wKy/atdZkbv4w4/KXprcHvl7M36CzdmUTCk5O59IrwaN6sMEJjHN3VhEGuvIoMDVBU5wijMpLM1IsjTXSZVCgWYMX0Ja+QA9xY+Y</latexit><latexit sha1_base64="gRXpd90v3PZ7eEh2+D7/NY6betI=">AAACgnichVG7SgNBFD1Z4ys+ErURbIIhIhbhroqKWARtLPMwJhCD7K6jLm52l91NQEN+QFvFwkrBQuz9ARt/wCKfIJYKNhbebBZERb3DzJw5c8+dM1zVNnTXI2qFpK5wd09vX39kYHBoOBobGd10rZqjiYJmGZZTUhVXGLopCp7uGaJkO0KpqoYoqgdr7ftiXTiubpkb3qEtKlVlz9R3dU3xmMoubMcSlCI/4j+BHIAEgsh YsTtsYQcWNNRQhYAJj7EBBS6PMmQQbOYqaDDnMNL9e4EmIqytcZbgDIXZA173+FQOWJPP7Zqur9b4FYOnw8o4kvRIN/RCD3RLT/T+a62GX6Pt5ZB3taMV9nb0eDz/9q+qyruH/U/Vn5497GLJ96qzd9tn2r/QOvr60flLfjmXbEzRFT2z/0tq0T3/wKy/atdZkbv4w4/KXprcHvl7M36CzdmUTCk5O59IrwaN6sMEJjHN3VhEGuvIoMDVBU5wijMpLM1IsjTXSZVCgWYMX0Ja+QA9xY+Y</latexit><latexit sha1_base64="gRXpd90v3PZ7eEh2+D7/NY6betI=">AAACgnichVG7SgNBFD1Z4ys+ErURbIIhIhbhroqKWARtLPMwJhCD7K6jLm52l91NQEN+QFvFwkrBQuz9ARt/wCKfIJYKNhbebBZERb3DzJw5c8+dM1zVNnTXI2qFpK5wd09vX39kYHBoOBobGd10rZqjiYJmGZZTUhVXGLopCp7uGaJkO0KpqoYoqgdr7ftiXTiubpkb3qEtKlVlz9R3dU3xmMoubMcSlCI/4j+BHIAEgsh YsTtsYQcWNNRQhYAJj7EBBS6PMmQQbOYqaDDnMNL9e4EmIqytcZbgDIXZA173+FQOWJPP7Zqur9b4FYOnw8o4kvRIN/RCD3RLT/T+a62GX6Pt5ZB3taMV9nb0eDz/9q+qyruH/U/Vn5497GLJ96qzd9tn2r/QOvr60flLfjmXbEzRFT2z/0tq0T3/wKy/atdZkbv4w4/KXprcHvl7M36CzdmUTCk5O59IrwaN6sMEJjHN3VhEGuvIoMDVBU5wijMpLM1IsjTXSZVCgWYMX0Ja+QA9xY+Y</latexit>0<latexit sha1_base64="aJZd/Xi+50pzomdLVdPzsAvEeSI=">AAACg3ichVHLSsNAFD3GV62PVt0IboqlIgjlRgqKIIhuXGprVailJHFaB9MkJGmhFn9A3KoLVwouxL0/4MYfcOEniEsFNy 68TQOiRb3DzJw5c8+dM1zdMaXnEz11Kd09vX39kYHo4NDwSCw+Orbl2TXXEHnDNm13R9c8YUpL5H3pm2LHcYVW1U2xrR+stu6368L1pG1t+g1HFKtaxZJlaWg+U1mKluJJSlMQiU6ghiCJMNbt+B12sQcbBmqoQsCCz9iEBo9HASoIDnNFNJlzGcngXuAIUdbWOEtwhsbsAa8VPhVC1uJzq6YXqA1+xeTpsjKBFD3SDb3SA93SM338WqsZ1Gh5afCut7XCKcWOJ3Lv/6qqvPvY/1L96dlHGQuB V8nenYBp/cJo6+uH56+5xWyqOU1X9ML+L+mJ7vkHVv3NuN4Q2Ys//Ojs5Yjbo/5sRifYmkurlFY3MsnllbBREUxiCjPcjXksYw3ryHP1Mk5wijOlV5lV5pRMO1XpCjXj+BbK0idr64+m</latexit><latexit sha1_base64="aJZd/Xi+50pzomdLVdPzsAvEeSI=">AAACg3ichVHLSsNAFD3GV62PVt0IboqlIgjlRgqKIIhuXGprVailJHFaB9MkJGmhFn9A3KoLVwouxL0/4MYfcOEniEsFNy 68TQOiRb3DzJw5c8+dM1zdMaXnEz11Kd09vX39kYHo4NDwSCw+Orbl2TXXEHnDNm13R9c8YUpL5H3pm2LHcYVW1U2xrR+stu6368L1pG1t+g1HFKtaxZJlaWg+U1mKluJJSlMQiU6ghiCJMNbt+B12sQcbBmqoQsCCz9iEBo9HASoIDnNFNJlzGcngXuAIUdbWOEtwhsbsAa8VPhVC1uJzq6YXqA1+xeTpsjKBFD3SDb3SA93SM338WqsZ1Gh5afCut7XCKcWOJ3Lv/6qqvPvY/1L96dlHGQuB V8nenYBp/cJo6+uH56+5xWyqOU1X9ML+L+mJ7vkHVv3NuN4Q2Ys//Ojs5Yjbo/5sRifYmkurlFY3MsnllbBREUxiCjPcjXksYw3ryHP1Mk5wijOlV5lV5pRMO1XpCjXj+BbK0idr64+m</latexit><latexit sha1_base64="aJZd/Xi+50pzomdLVdPzsAvEeSI=">AAACg3ichVHLSsNAFD3GV62PVt0IboqlIgjlRgqKIIhuXGprVailJHFaB9MkJGmhFn9A3KoLVwouxL0/4MYfcOEniEsFNy 68TQOiRb3DzJw5c8+dM1zdMaXnEz11Kd09vX39kYHo4NDwSCw+Orbl2TXXEHnDNm13R9c8YUpL5H3pm2LHcYVW1U2xrR+stu6368L1pG1t+g1HFKtaxZJlaWg+U1mKluJJSlMQiU6ghiCJMNbt+B12sQcbBmqoQsCCz9iEBo9HASoIDnNFNJlzGcngXuAIUdbWOEtwhsbsAa8VPhVC1uJzq6YXqA1+xeTpsjKBFD3SDb3SA93SM338WqsZ1Gh5afCut7XCKcWOJ3Lv/6qqvPvY/1L96dlHGQuB V8nenYBp/cJo6+uH56+5xWyqOU1X9ML+L+mJ7vkHVv3NuN4Q2Ys//Ojs5Yjbo/5sRifYmkurlFY3MsnllbBREUxiCjPcjXksYw3ryHP1Mk5wijOlV5lV5pRMO1XpCjXj+BbK0idr64+m</latexit><latexit sha1_base64="aJZd/Xi+50pzomdLVdPzsAvEeSI=">AAACg3ichVHLSsNAFD3GV62PVt0IboqlIgjlRgqKIIhuXGprVailJHFaB9MkJGmhFn9A3KoLVwouxL0/4MYfcOEniEsFNy 68TQOiRb3DzJw5c8+dM1zdMaXnEz11Kd09vX39kYHo4NDwSCw+Orbl2TXXEHnDNm13R9c8YUpL5H3pm2LHcYVW1U2xrR+stu6368L1pG1t+g1HFKtaxZJlaWg+U1mKluJJSlMQiU6ghiCJMNbt+B12sQcbBmqoQsCCz9iEBo9HASoIDnNFNJlzGcngXuAIUdbWOEtwhsbsAa8VPhVC1uJzq6YXqA1+xeTpsjKBFD3SDb3SA93SM338WqsZ1Gh5afCut7XCKcWOJ3Lv/6qqvPvY/1L96dlHGQuB V8nenYBp/cJo6+uH56+5xWyqOU1X9ML+L+mJ7vkHVv3NuN4Q2Ys//Ojs5Yjbo/5sRifYmkurlFY3MsnllbBREUxiCjPcjXksYw3ryHP1Mk5wijOlV5lV5pRMO1XpCjXj+BbK0idr64+m</latexit>0 2 4 6
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FIG. 4. Chern number C and one-plaquette Chern numbers
C0, C1 and C2 of the noninteracting model with (a) the next
nearest-neighbor hopping (ν = 2, N = 30 and φ = 1/3) and
(b) the random potential (ν = 2, N = 30 and φ = 1/30). The
inset in (a) is the energy dispersion at the quantum phase
transition t′/t = 2 − √3, computed using the magnetic unit
cell of 3 × 1. Red circles represent band touching points.
The inset in (b) is the energy spectrum as a function of the
randomness strength W .
relation length becomes larger as the bulk gap becomes
smaller, and the larger system size is required to improve
the one-plaquette Chern number.
The second situation is in the presence of a strong dis-
order. We use the original tight-binding model without
the next-nearest-neighbor hopping. When random po-
tentials in the range−W/2 andW/2 are introduced, most
of the one-body states become localized except the ex-
tended states supporting the nonzero Chern number. By
increasing the strength of the random potential, extended
states float up in energy across the Fermi level [27, 33–
35]. As shown in Fig.4 (b), the quantum Hall state with
C = 2 becomes the Anderson insulator with vanishing
Chern number via two successive quantum phase transi-
tions. We observe that the one-plaquette Chern number
works well in the two limits: when W is sufficiently small
so that the excitation gap is fairly big and when W is suf-
ficiently large so that states below the Fermi energy are
all localized.
Conclusion. — In this Letter, we demonstrated that
the one-plaquette Chern number, defined in Eq. (3), is ef-
fectively quantized to the true integer value with the ex-
ponential accuracy with respect to the linear dimension
of the system. Our result implies that the one-plaquette
Chern number is the legitimate topological number de-
fined for a fixed Hamiltonian characterizing the quan-
tized Hall conductance of a system with many-body in-
teractions and/or disorders assuming that the system is
sufficiently large. It also numerically justifies the averag-
ing procedure in the definition of the NTW invariant in
Eq. (2) [7]. Because the one-plaquette Chern number is
defined for a fixed boundary condition, it is more phys-
ical than the NTW invariant and it better suits for the
experimental situations. In addition, the absence of inte-
5gration is particularly useful in the many-body problems
in reducing the computational cost.
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1Supplemental Material
Nθ-DEPENDENCES OF ONE-PLAQUETTE
CHERN NUMBER
In the main text, the mesh size Nθ is set as Nθ =
20. Here we discuss the Nθ-dependence of one-plaquette
Chern number C(~θ). Figure S1 (a) displays C(~0) as a
function of Nθ in the non-interacting case at ν = 1 and
the interacting case at ν = 1/3. Under a strong magnetic
field (φ = 1/3 and 1/4), C(~0) is nearly independent of
Nθ. However, under a weak magnetic field (φ = 1/30
and 1/75), C(~0) becomes more accurate as Nθ increases.
To double check that the Nθ-dependence does not
change our conclusion in the main text, here we include
Figs. S1 (b), (c), and (d) computed under Nθ = 5 that
correspond to Figs. 1 (a), (b), and Fig. 3 (b) in the main
text. They clearly show the identical behavior.
CORRELATION FUNCTION IN
NON-INTERACTING SYSTEM
To justify the scaling laws observed in the main
text, here we study the behavior of 〈c†i cj〉 in the non-
interacting system. In the strong magnetic field regime,
the correlation length ξ is extracted from the correla-
tion function 〈c†i cj〉. Figure S2 (a) shows the absolute
20
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<latexit sha1_base64="vRKFcg1DOy6ZtvmBIjJ4BjPI2qE=">AAACj XichVHLLgRBFD3aezxmsJHYiAmxGreFEBERFqzEYJAYmXS3mtGZnu5Od80EEz/gA1hYeCQWYu8HbPyAhU8QSxIbC7d7OhEEt1JVp07dc+tUru5api+ JHuuU+obGpuaW1lhbe0dnPNHVve47Zc8QGcOxHG9T13xhmbbISFNaYtP1hFbSLbGhF+eD+42K8HzTsdfkviu2S1rBNvOmoUmmsksjVi4rxZ6szh3m EklKURj9P4EagSSiWHYSt8hiBw4MlFGCgA3J2IIGn8cWVBBc5rZRZc5jZIb3AoeIsbbMWYIzNGaLvBb4tBWxNp+Dmn6oNvgVi6fHyn4M0gNd0wvd0w 090fuvtaphjcDLPu96TSvcXPyod/XtX1WJd4ndT9WfniXymAy9muzdDZngF0ZNXzk4eVmdWhmsDtElPbP/C3qkO/6BXXk1rtJi5fQPPzp7Cdqjfm/G T7A+mlIppabHkrNzUaNa0IcBDHM3JjCLRSwjw9VdHOMM50pcGVemlZlaqlIXaXrwJZSFD1GllHM=</latexit><latexit sha1_base64="vRKFcg1DOy6ZtvmBIjJ4BjPI2qE=">AAACj XichVHLLgRBFD3aezxmsJHYiAmxGreFEBERFqzEYJAYmXS3mtGZnu5Od80EEz/gA1hYeCQWYu8HbPyAhU8QSxIbC7d7OhEEt1JVp07dc+tUru5api+ JHuuU+obGpuaW1lhbe0dnPNHVve47Zc8QGcOxHG9T13xhmbbISFNaYtP1hFbSLbGhF+eD+42K8HzTsdfkviu2S1rBNvOmoUmmsksjVi4rxZ6szh3m EklKURj9P4EagSSiWHYSt8hiBw4MlFGCgA3J2IIGn8cWVBBc5rZRZc5jZIb3AoeIsbbMWYIzNGaLvBb4tBWxNp+Dmn6oNvgVi6fHyn4M0gNd0wvd0w 090fuvtaphjcDLPu96TSvcXPyod/XtX1WJd4ndT9WfniXymAy9muzdDZngF0ZNXzk4eVmdWhmsDtElPbP/C3qkO/6BXXk1rtJi5fQPPzp7Cdqjfm/G T7A+mlIppabHkrNzUaNa0IcBDHM3JjCLRSwjw9VdHOMM50pcGVemlZlaqlIXaXrwJZSFD1GllHM=</latexit><latexit sha1_base64="vRKFcg1DOy6ZtvmBIjJ4BjPI2qE=">AAACj XichVHLLgRBFD3aezxmsJHYiAmxGreFEBERFqzEYJAYmXS3mtGZnu5Od80EEz/gA1hYeCQWYu8HbPyAhU8QSxIbC7d7OhEEt1JVp07dc+tUru5api+ JHuuU+obGpuaW1lhbe0dnPNHVve47Zc8QGcOxHG9T13xhmbbISFNaYtP1hFbSLbGhF+eD+42K8HzTsdfkviu2S1rBNvOmoUmmsksjVi4rxZ6szh3m EklKURj9P4EagSSiWHYSt8hiBw4MlFGCgA3J2IIGn8cWVBBc5rZRZc5jZIb3AoeIsbbMWYIzNGaLvBb4tBWxNp+Dmn6oNvgVi6fHyn4M0gNd0wvd0w 090fuvtaphjcDLPu96TSvcXPyod/XtX1WJd4ndT9WfniXymAy9muzdDZngF0ZNXzk4eVmdWhmsDtElPbP/C3qkO/6BXXk1rtJi5fQPPzp7Cdqjfm/G T7A+mlIppabHkrNzUaNa0IcBDHM3JjCLRSwjw9VdHOMM50pcGVemlZlaqlIXaXrwJZSFD1GllHM=</latexit><latexit sha1_base64="vRKFcg1DOy6ZtvmBIjJ4BjPI2qE=">AAACj XichVHLLgRBFD3aezxmsJHYiAmxGreFEBERFqzEYJAYmXS3mtGZnu5Od80EEz/gA1hYeCQWYu8HbPyAhU8QSxIbC7d7OhEEt1JVp07dc+tUru5api+ JHuuU+obGpuaW1lhbe0dnPNHVve47Zc8QGcOxHG9T13xhmbbISFNaYtP1hFbSLbGhF+eD+42K8HzTsdfkviu2S1rBNvOmoUmmsksjVi4rxZ6szh3m EklKURj9P4EagSSiWHYSt8hiBw4MlFGCgA3J2IIGn8cWVBBc5rZRZc5jZIb3AoeIsbbMWYIzNGaLvBb4tBWxNp+Dmn6oNvgVi6fHyn4M0gNd0wvd0w 090fuvtaphjcDLPu96TSvcXPyod/XtX1WJd4ndT9WfniXymAy9muzdDZngF0ZNXzk4eVmdWhmsDtElPbP/C3qkO/6BXXk1rtJi5fQPPzp7Cdqjfm/G T7A+mlIppabHkrNzUaNa0IcBDHM3JjCLRSwjw9VdHOMM50pcGVemlZlaqlIXaXrwJZSFD1GllHM=</latexit>
N/⇠
<latexit sha1_base64="MvgF+B 4yXbvVWjLKYEQ1wOn8Gww=">AAAChnichVG7SgNBFD1ZX/EdtRFsgkGx indFUayCNlYSH9GAiuyuEx2yL3Y3wRjyAzaWKlYKFmLvD9j4AxZ+glgq 2Fh4s1kQFeMdZubMmXvunOHqrin9gOgpprS0trV3xDu7unt6+/oTA4Mb vlPyDJEzHNPx8rrmC1PaIhfIwBR51xOapZtiUy8u1u83y8LzpWOvBxVX 7Fjavi0L0tACpnLLk9uHcjeRojSFkfwN1AikEEXWSdxhG3twYKAECwI2 AsYmNPg8tqCC4DK3gypzHiMZ3gvU0MXaEmcJztCYLfK6z6etiLX5XK/p h2qDXzF5eqxMYowe6YZe6YFu6Zk+/qxVDWvUvVR41xta4e72Hw+vvf+r sngPcPClauo5QAFzoVfJ3t2Qqf/CaOjLR6eva/OrY9VxuqIX9n9JT3TP P7DLb8b1ili9aOJHZy81bo/6sxm/wcZUWqW0ujKdyixEjYpjBKOY4G7M IoMlZJHj6hInOMO5ElfSyowy20hVYpFmCN9CyXwCDHKRRA==</latexi t><latexit sha1_base64="MvgF+B 4yXbvVWjLKYEQ1wOn8Gww=">AAAChnichVG7SgNBFD1ZX/EdtRFsgkGx indFUayCNlYSH9GAiuyuEx2yL3Y3wRjyAzaWKlYKFmLvD9j4AxZ+glgq 2Fh4s1kQFeMdZubMmXvunOHqrin9gOgpprS0trV3xDu7unt6+/oTA4Mb vlPyDJEzHNPx8rrmC1PaIhfIwBR51xOapZtiUy8u1u83y8LzpWOvBxVX 7Fjavi0L0tACpnLLk9uHcjeRojSFkfwN1AikEEXWSdxhG3twYKAECwI2 AsYmNPg8tqCC4DK3gypzHiMZ3gvU0MXaEmcJztCYLfK6z6etiLX5XK/p h2qDXzF5eqxMYowe6YZe6YFu6Zk+/qxVDWvUvVR41xta4e72Hw+vvf+r sngPcPClauo5QAFzoVfJ3t2Qqf/CaOjLR6eva/OrY9VxuqIX9n9JT3TP P7DLb8b1ili9aOJHZy81bo/6sxm/wcZUWqW0ujKdyixEjYpjBKOY4G7M IoMlZJHj6hInOMO5ElfSyowy20hVYpFmCN9CyXwCDHKRRA==</latexi t><latexit sha1_base64="MvgF+B 4yXbvVWjLKYEQ1wOn8Gww=">AAAChnichVG7SgNBFD1ZX/EdtRFsgkGx indFUayCNlYSH9GAiuyuEx2yL3Y3wRjyAzaWKlYKFmLvD9j4AxZ+glgq 2Fh4s1kQFeMdZubMmXvunOHqrin9gOgpprS0trV3xDu7unt6+/oTA4Mb vlPyDJEzHNPx8rrmC1PaIhfIwBR51xOapZtiUy8u1u83y8LzpWOvBxVX 7Fjavi0L0tACpnLLk9uHcjeRojSFkfwN1AikEEXWSdxhG3twYKAECwI2 AsYmNPg8tqCC4DK3gypzHiMZ3gvU0MXaEmcJztCYLfK6z6etiLX5XK/p h2qDXzF5eqxMYowe6YZe6YFu6Zk+/qxVDWvUvVR41xta4e72Hw+vvf+r sngPcPClauo5QAFzoVfJ3t2Qqf/CaOjLR6eva/OrY9VxuqIX9n9JT3TP P7DLb8b1ili9aOJHZy81bo/6sxm/wcZUWqW0ujKdyixEjYpjBKOY4G7M IoMlZJHj6hInOMO5ElfSyowy20hVYpFmCN9CyXwCDHKRRA==</latexi t><latexit sha1_base64="MvgF+B 4yXbvVWjLKYEQ1wOn8Gww=">AAAChnichVG7SgNBFD1ZX/EdtRFsgkGx indFUayCNlYSH9GAiuyuEx2yL3Y3wRjyAzaWKlYKFmLvD9j4AxZ+glgq 2Fh4s1kQFeMdZubMmXvunOHqrin9gOgpprS0trV3xDu7unt6+/oTA4Mb vlPyDJEzHNPx8rrmC1PaIhfIwBR51xOapZtiUy8u1u83y8LzpWOvBxVX 7Fjavi0L0tACpnLLk9uHcjeRojSFkfwN1AikEEXWSdxhG3twYKAECwI2 AsYmNPg8tqCC4DK3gypzHiMZ3gvU0MXaEmcJztCYLfK6z6etiLX5XK/p h2qDXzF5eqxMYowe6YZe6YFu6Zk+/qxVDWvUvVR41xta4e72Hw+vvf+r sngPcPClauo5QAFzoVfJ3t2Qqf/CaOjLR6eva/OrY9VxuqIX9n9JT3TP P7DLb8b1ili9aOJHZy81bo/6sxm/wcZUWqW0ujKdyixEjYpjBKOY4G7M IoMlZJHj6hInOMO5ElfSyowy20hVYpFmCN9CyXwCDHKRRA==</latexi t>
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N/lB
<latexit sha1_base64="vRKFcg1DOy6ZtvmBIjJ4BjPI2qE=">AAACj XichVHLLgRBFD3aezxmsJHYiAmxGreFEBERFqzEYJAYmXS3mtGZnu5Od80EEz/gA1hYeCQWYu8HbPyAhU8QSxIbC7d7OhEEt1JVp07dc+tUru5api +JHuuU+obGpuaW1lhbe0dnPNHVve47Zc8QGcOxHG9T13xhmbbISFNaYtP1hFbSLbGhF+eD+42K8HzTsdfkviu2S1rBNvOmoUmmsksjVi4rxZ6szh3 mEklKURj9P4EagSSiWHYSt8hiBw4MlFGCgA3J2IIGn8cWVBBc5rZRZc5jZIb3AoeIsbbMWYIzNGaLvBb4tBWxNp+Dmn6oNvgVi6fHyn4M0gNd0wvd 0w090fuvtaphjcDLPu96TSvcXPyod/XtX1WJd4ndT9WfniXymAy9muzdDZngF0ZNXzk4eVmdWhmsDtElPbP/C3qkO/6BXXk1rtJi5fQPPzp7Cdqjf m/GT7A+mlIppabHkrNzUaNa0IcBDHM3JjCLRSwjw9VdHOMM50pcGVemlZlaqlIXaXrwJZSFD1GllHM=</latexit><latexit sha1_base64="vRKFcg1DOy6ZtvmBIjJ4BjPI2qE=">AAACj XichVHLLgRBFD3aezxmsJHYiAmxGreFEBERFqzEYJAYmXS3mtGZnu5Od80EEz/gA1hYeCQWYu8HbPyAhU8QSxIbC7d7OhEEt1JVp07dc+tUru5api +JHuuU+obGpuaW1lhbe0dnPNHVve47Zc8QGcOxHG9T13xhmbbISFNaYtP1hFbSLbGhF+eD+42K8HzTsdfkviu2S1rBNvOmoUmmsksjVi4rxZ6szh3 mEklKURj9P4EagSSiWHYSt8hiBw4MlFGCgA3J2IIGn8cWVBBc5rZRZc5jZIb3AoeIsbbMWYIzNGaLvBb4tBWxNp+Dmn6oNvgVi6fHyn4M0gNd0wvd 0w090fuvtaphjcDLPu96TSvcXPyod/XtX1WJd4ndT9WfniXymAy9muzdDZngF0ZNXzk4eVmdWhmsDtElPbP/C3qkO/6BXXk1rtJi5fQPPzp7Cdqjf m/GT7A+mlIppabHkrNzUaNa0IcBDHM3JjCLRSwjw9VdHOMM50pcGVemlZlaqlIXaXrwJZSFD1GllHM=</latexit><latexit sha1_base64="vRKFcg1DOy6ZtvmBIjJ4BjPI2qE=">AAACj XichVHLLgRBFD3aezxmsJHYiAmxGreFEBERFqzEYJAYmXS3mtGZnu5Od80EEz/gA1hYeCQWYu8HbPyAhU8QSxIbC7d7OhEEt1JVp07dc+tUru5api +JHuuU+obGpuaW1lhbe0dnPNHVve47Zc8QGcOxHG9T13xhmbbISFNaYtP1hFbSLbGhF+eD+42K8HzTsdfkviu2S1rBNvOmoUmmsksjVi4rxZ6szh3 mEklKURj9P4EagSSiWHYSt8hiBw4MlFGCgA3J2IIGn8cWVBBc5rZRZc5jZIb3AoeIsbbMWYIzNGaLvBb4tBWxNp+Dmn6oNvgVi6fHyn4M0gNd0wvd 0w090fuvtaphjcDLPu96TSvcXPyod/XtX1WJd4ndT9WfniXymAy9muzdDZngF0ZNXzk4eVmdWhmsDtElPbP/C3qkO/6BXXk1rtJi5fQPPzp7Cdqjf m/GT7A+mlIppabHkrNzUaNa0IcBDHM3JjCLRSwjw9VdHOMM50pcGVemlZlaqlIXaXrwJZSFD1GllHM=</latexit><latexit sha1_base64="vRKFcg1DOy6ZtvmBIjJ4BjPI2qE=">AAACj XichVHLLgRBFD3aezxmsJHYiAmxGreFEBERFqzEYJAYmXS3mtGZnu5Od80EEz/gA1hYeCQWYu8HbPyAhU8QSxIbC7d7OhEEt1JVp07dc+tUru5api +JHuuU+obGpuaW1lhbe0dnPNHVve47Zc8QGcOxHG9T13xhmbbISFNaYtP1hFbSLbGhF+eD+42K8HzTsdfkviu2S1rBNvOmoUmmsksjVi4rxZ6szh3 mEklKURj9P4EagSSiWHYSt8hiBw4MlFGCgA3J2IIGn8cWVBBc5rZRZc5jZIb3AoeIsbbMWYIzNGaLvBb4tBWxNp+Dmn6oNvgVi6fHyn4M0gNd0wvd 0w090fuvtaphjcDLPu96TSvcXPyod/XtX1WJd4ndT9WfniXymAy9muzdDZngF0ZNXzk4eVmdWhmsDtElPbP/C3qkO/6BXXk1rtJi5fQPPzp7Cdqjf m/GT7A+mlIppabHkrNzUaNa0IcBDHM3JjCLRSwjw9VdHOMM50pcGVemlZlaqlIXaXrwJZSFD1GllHM=</latexit>
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⌫ = 1<latexit sha1_base64="NbhZ60h9OKCV Q7Xi39//ojyyXVU=">AAAChnichVG7SgNBFD2urxgfidoINsGgWIW7okQEIWhjGY2JQ iKyu446ZLO77G4CGvIDNpYqVgoWYu8P2PgDFvkEsYxgY+HNZkFU1DvMzJkz99w5w9U dU3o+UbNL6e7p7euPDEQHh4ZHYvHRsYJnV11D5A3btN1tXfOEKS2R96Vvim3HFVpFN8 WWXl5t32/VhOtJ29r0jxyxU9EOLLkvDc1nKl+yqsvqbjxJKQoi8ROoIUgijKwdv0cJe 7BhoIoKBCz4jE1o8HgUoYLgMLeDOnMuIxncCzQQZW2VswRnaMyWeT3gUzFkLT63a3q B2uBXTJ4uKxOYpie6pRY90h090/uvtepBjbaXI971jlY4u7GTidzbv6oK7z4OP1V/ev axj8XAq2TvTsC0f2F09LXjs1ZuaWO6PkPX9ML+r6hJD/wDq/Zq3KyLjcs//OjspcHtU b834ycozKVUSqnr88nMStioCCYxhVnuRhoZrCGLPFeXOMU5LpSIklIWlHQnVekKNeP 4EkrmA/HJkTc=</latexit><latexit sha1_base64="NbhZ60h9OKCV Q7Xi39//ojyyXVU=">AAAChnichVG7SgNBFD2urxgfidoINsGgWIW7okQEIWhjGY2JQ iKyu446ZLO77G4CGvIDNpYqVgoWYu8P2PgDFvkEsYxgY+HNZkFU1DvMzJkz99w5w9U dU3o+UbNL6e7p7euPDEQHh4ZHYvHRsYJnV11D5A3btN1tXfOEKS2R96Vvim3HFVpFN8 WWXl5t32/VhOtJ29r0jxyxU9EOLLkvDc1nKl+yqsvqbjxJKQoi8ROoIUgijKwdv0cJe 7BhoIoKBCz4jE1o8HgUoYLgMLeDOnMuIxncCzQQZW2VswRnaMyWeT3gUzFkLT63a3q B2uBXTJ4uKxOYpie6pRY90h090/uvtepBjbaXI971jlY4u7GTidzbv6oK7z4OP1V/ev axj8XAq2TvTsC0f2F09LXjs1ZuaWO6PkPX9ML+r6hJD/wDq/Zq3KyLjcs//OjspcHtU b834ycozKVUSqnr88nMStioCCYxhVnuRhoZrCGLPFeXOMU5LpSIklIWlHQnVekKNeP 4EkrmA/HJkTc=</latexit><latexit sha1_base64="NbhZ60h9OKCV Q7Xi39//ojyyXVU=">AAAChnichVG7SgNBFD2urxgfidoINsGgWIW7okQEIWhjGY2JQ iKyu446ZLO77G4CGvIDNpYqVgoWYu8P2PgDFvkEsYxgY+HNZkFU1DvMzJkz99w5w9U dU3o+UbNL6e7p7euPDEQHh4ZHYvHRsYJnV11D5A3btN1tXfOEKS2R96Vvim3HFVpFN8 WWXl5t32/VhOtJ29r0jxyxU9EOLLkvDc1nKl+yqsvqbjxJKQoi8ROoIUgijKwdv0cJe 7BhoIoKBCz4jE1o8HgUoYLgMLeDOnMuIxncCzQQZW2VswRnaMyWeT3gUzFkLT63a3q B2uBXTJ4uKxOYpie6pRY90h090/uvtepBjbaXI971jlY4u7GTidzbv6oK7z4OP1V/ev axj8XAq2TvTsC0f2F09LXjs1ZuaWO6PkPX9ML+r6hJD/wDq/Zq3KyLjcs//OjspcHtU b834ycozKVUSqnr88nMStioCCYxhVnuRhoZrCGLPFeXOMU5LpSIklIWlHQnVekKNeP 4EkrmA/HJkTc=</latexit><latexit sha1_base64="NbhZ60h9OKCV Q7Xi39//ojyyXVU=">AAAChnichVG7SgNBFD2urxgfidoINsGgWIW7okQEIWhjGY2JQ iKyu446ZLO77G4CGvIDNpYqVgoWYu8P2PgDFvkEsYxgY+HNZkFU1DvMzJkz99w5w9U dU3o+UbNL6e7p7euPDEQHh4ZHYvHRsYJnV11D5A3btN1tXfOEKS2R96Vvim3HFVpFN8 WWXl5t32/VhOtJ29r0jxyxU9EOLLkvDc1nKl+yqsvqbjxJKQoi8ROoIUgijKwdv0cJe 7BhoIoKBCz4jE1o8HgUoYLgMLeDOnMuIxncCzQQZW2VswRnaMyWeT3gUzFkLT63a3q B2uBXTJ4uKxOYpie6pRY90h090/uvtepBjbaXI971jlY4u7GTidzbv6oK7z4OP1V/ev axj8XAq2TvTsC0f2F09LXjs1ZuaWO6PkPX9ML+r6hJD/wDq/Zq3KyLjcs//OjspcHtU b834ycozKVUSqnr88nMStioCCYxhVnuRhoZrCGLPFeXOMU5LpSIklIWlHQnVekKNeP 4EkrmA/HJkTc=</latexit> ⌫ = 1/3
<latexit sha1_base64="tjq28jY2R+hx9H3RomiUipaziI0=">AAACiHichVG7SgNB FL1ZXzE+ErURbIIhYhXvqhAVhBAbyzzMA5IQdtdJXLIv9hGIIT9gZyWYSsFC7P0BG3/AIp8glhFsLLzZLIgG4x1m5syZe+6c4YqGIls2Ys/HTUxOTc/4ZwNz8wuLwdDSct7SHVN iOUlXdLMoChZTZI3lbNlWWNEwmaCKCiuIjaPBfaHJTEvWtRO7ZbCKKtQ1uSZLgk1Uoaw5h/zWTjUUwRi6ER4FvAci4EVKDz1CGU5BBwkcUIGBBjZhBQSwaJSABwSDuAq0iTMJye4 9gw4ESOtQFqMMgdgGrXU6lTxWo/OgpuWqJXpFoWmSMgxRfMF77OMzPuArfv5Zq+3WGHhp0S4OtcyoBi9Wsx//qlTabTj7Vo31bEMN9lyvMnk3XGbwC2mob55f9bMHmWh7A2/xjf zfYA+f6Ada8126S7NMd4wfkbx0qD3872aMgvx2jMcYn96NJJJeo/ywBuuwSd2IQwKOIQU5t/olXEOXC3DIxbn9YSrn8zQr8CO45BcP+pGt</latexit><latexit sha1_base64="tjq28jY2R+hx9H3RomiUipaziI0=">AAACiHichVG7SgNB FL1ZXzE+ErURbIIhYhXvqhAVhBAbyzzMA5IQdtdJXLIv9hGIIT9gZyWYSsFC7P0BG3/AIp8glhFsLLzZLIgG4x1m5syZe+6c4YqGIls2Ys/HTUxOTc/4ZwNz8wuLwdDSct7SHVN iOUlXdLMoChZTZI3lbNlWWNEwmaCKCiuIjaPBfaHJTEvWtRO7ZbCKKtQ1uSZLgk1Uoaw5h/zWTjUUwRi6ER4FvAci4EVKDz1CGU5BBwkcUIGBBjZhBQSwaJSABwSDuAq0iTMJye4 9gw4ESOtQFqMMgdgGrXU6lTxWo/OgpuWqJXpFoWmSMgxRfMF77OMzPuArfv5Zq+3WGHhp0S4OtcyoBi9Wsx//qlTabTj7Vo31bEMN9lyvMnk3XGbwC2mob55f9bMHmWh7A2/xjf zfYA+f6Ada8126S7NMd4wfkbx0qD3872aMgvx2jMcYn96NJJJeo/ywBuuwSd2IQwKOIQU5t/olXEOXC3DIxbn9YSrn8zQr8CO45BcP+pGt</latexit><latexit sha1_base64="tjq28jY2R+hx9H3RomiUipaziI0=">AAACiHichVG7SgNB FL1ZXzE+ErURbIIhYhXvqhAVhBAbyzzMA5IQdtdJXLIv9hGIIT9gZyWYSsFC7P0BG3/AIp8glhFsLLzZLIgG4x1m5syZe+6c4YqGIls2Ys/HTUxOTc/4ZwNz8wuLwdDSct7SHVN iOUlXdLMoChZTZI3lbNlWWNEwmaCKCiuIjaPBfaHJTEvWtRO7ZbCKKtQ1uSZLgk1Uoaw5h/zWTjUUwRi6ER4FvAci4EVKDz1CGU5BBwkcUIGBBjZhBQSwaJSABwSDuAq0iTMJye4 9gw4ESOtQFqMMgdgGrXU6lTxWo/OgpuWqJXpFoWmSMgxRfMF77OMzPuArfv5Zq+3WGHhp0S4OtcyoBi9Wsx//qlTabTj7Vo31bEMN9lyvMnk3XGbwC2mob55f9bMHmWh7A2/xjf zfYA+f6Ada8126S7NMd4wfkbx0qD3872aMgvx2jMcYn96NJJJeo/ywBuuwSd2IQwKOIQU5t/olXEOXC3DIxbn9YSrn8zQr8CO45BcP+pGt</latexit><latexit sha1_base64="tjq28jY2R+hx9H3RomiUipaziI0=">AAACiHichVG7SgNB FL1ZXzE+ErURbIIhYhXvqhAVhBAbyzzMA5IQdtdJXLIv9hGIIT9gZyWYSsFC7P0BG3/AIp8glhFsLLzZLIgG4x1m5syZe+6c4YqGIls2Ys/HTUxOTc/4ZwNz8wuLwdDSct7SHVN iOUlXdLMoChZTZI3lbNlWWNEwmaCKCiuIjaPBfaHJTEvWtRO7ZbCKKtQ1uSZLgk1Uoaw5h/zWTjUUwRi6ER4FvAci4EVKDz1CGU5BBwkcUIGBBjZhBQSwaJSABwSDuAq0iTMJye4 9gw4ESOtQFqMMgdgGrXU6lTxWo/OgpuWqJXpFoWmSMgxRfMF77OMzPuArfv5Zq+3WGHhp0S4OtcyoBi9Wsx//qlTabTj7Vo31bEMN9lyvMnk3XGbwC2mob55f9bMHmWh7A2/xjf zfYA+f6Ada8126S7NMd4wfkbx0qD3872aMgvx2jMcYn96NJJJeo/ywBuuwSd2IQwKOIQU5t/olXEOXC3DIxbn9YSrn8zQr8CO45BcP+pGt</latexit>
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<latexit sha1_base64="gECx01SzMAH2dikFXpMinoxIGXg=">AAAChXichVG7SgNBFD1ZH4n xFbURbIJBsVFmRVRsDNpY5mFUUJHddTRD9sXuJBBDfsDCNoKVgoXY+wM2/oBFPkEsFWwsvLtZEBX1DjNz5sw9d85wddcUvmSsHVO6unt644m+ZP/A4NBwamR0y3eqnsFLhmM63o6u+dwUNi9JIU2+4 3pcs3STb+uV9eB+u8Y9Xzj2pqy7fN/Sjm1xJAxNBtSeWxYHqQybY2GkfwI1AhlEkXNSd9jDIRwYqMIChw1J2IQGn8YuVDC4xO2jQZxHSIT3HE0kSVulLE4ZGrEVWo/ptBuxNp2Dmn6oNugVk6ZHyjS m2CO7YS/sgd2yJ/b+a61GWCPwUqdd72i5ezB8Ol58+1dl0S5R/lT96VniCMuhV0He3ZAJfmF09LWT1ktxpTDVmGZX7Jn8X7I2u6cf2LVX4zrPCxd/+NHJS5Pao35vxk+wNT+nEs4vZLJrUaMSmMAkZ qgbS8hiAzmUqHoZZ2jhXIkrs8qCsthJVWKRZgxfQln9AKjikR0=</latexit><latexit sha1_base64="gECx01SzMAH2dikFXpMinoxIGXg=">AAAChXichVG7SgNBFD1ZH4n xFbURbIJBsVFmRVRsDNpY5mFUUJHddTRD9sXuJBBDfsDCNoKVgoXY+wM2/oBFPkEsFWwsvLtZEBX1DjNz5sw9d85wddcUvmSsHVO6unt644m+ZP/A4NBwamR0y3eqnsFLhmM63o6u+dwUNi9JIU2+4 3pcs3STb+uV9eB+u8Y9Xzj2pqy7fN/Sjm1xJAxNBtSeWxYHqQybY2GkfwI1AhlEkXNSd9jDIRwYqMIChw1J2IQGn8YuVDC4xO2jQZxHSIT3HE0kSVulLE4ZGrEVWo/ptBuxNp2Dmn6oNugVk6ZHyjS m2CO7YS/sgd2yJ/b+a61GWCPwUqdd72i5ezB8Ol58+1dl0S5R/lT96VniCMuhV0He3ZAJfmF09LWT1ktxpTDVmGZX7Jn8X7I2u6cf2LVX4zrPCxd/+NHJS5Pao35vxk+wNT+nEs4vZLJrUaMSmMAkZ qgbS8hiAzmUqHoZZ2jhXIkrs8qCsthJVWKRZgxfQln9AKjikR0=</latexit><latexit sha1_base64="gECx01SzMAH2dikFXpMinoxIGXg=">AAAChXichVG7SgNBFD1ZH4n xFbURbIJBsVFmRVRsDNpY5mFUUJHddTRD9sXuJBBDfsDCNoKVgoXY+wM2/oBFPkEsFWwsvLtZEBX1DjNz5sw9d85wddcUvmSsHVO6unt644m+ZP/A4NBwamR0y3eqnsFLhmM63o6u+dwUNi9JIU2+4 3pcs3STb+uV9eB+u8Y9Xzj2pqy7fN/Sjm1xJAxNBtSeWxYHqQybY2GkfwI1AhlEkXNSd9jDIRwYqMIChw1J2IQGn8YuVDC4xO2jQZxHSIT3HE0kSVulLE4ZGrEVWo/ptBuxNp2Dmn6oNugVk6ZHyjS m2CO7YS/sgd2yJ/b+a61GWCPwUqdd72i5ezB8Ol58+1dl0S5R/lT96VniCMuhV0He3ZAJfmF09LWT1ktxpTDVmGZX7Jn8X7I2u6cf2LVX4zrPCxd/+NHJS5Pao35vxk+wNT+nEs4vZLJrUaMSmMAkZ qgbS8hiAzmUqHoZZ2jhXIkrs8qCsthJVWKRZgxfQln9AKjikR0=</latexit><latexit sha1_base64="gECx01SzMAH2dikFXpMinoxIGXg=">AAAChXichVG7SgNBFD1ZH4n xFbURbIJBsVFmRVRsDNpY5mFUUJHddTRD9sXuJBBDfsDCNoKVgoXY+wM2/oBFPkEsFWwsvLtZEBX1DjNz5sw9d85wddcUvmSsHVO6unt644m+ZP/A4NBwamR0y3eqnsFLhmM63o6u+dwUNi9JIU2+4 3pcs3STb+uV9eB+u8Y9Xzj2pqy7fN/Sjm1xJAxNBtSeWxYHqQybY2GkfwI1AhlEkXNSd9jDIRwYqMIChw1J2IQGn8YuVDC4xO2jQZxHSIT3HE0kSVulLE4ZGrEVWo/ptBuxNp2Dmn6oNugVk6ZHyjS m2CO7YS/sgd2yJ/b+a61GWCPwUqdd72i5ezB8Ol58+1dl0S5R/lT96VniCMuhV0He3ZAJfmF09LWT1ktxpTDVmGZX7Jn8X7I2u6cf2LVX4zrPCxd/+NHJS5Pao35vxk+wNT+nEs4vZLJrUaMSmMAkZ qgbS8hiAzmUqHoZZ2jhXIkrs8qCsthJVWKRZgxfQln9AKjikR0=</latexit>
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1/75
N<latexit sha1_base64="4EmHwWyEzE3c7NYvMTrBZ2ylqAM=">AAACgnichVG7SgNBFD2u8f1I1EawE UNELMJdFRSxCNpYiVGjgRjC7jrRxX2xOwloyA9oq1hYKViIvT9g4w9Y+AliqWBj4c1mQVTUO8zMmTP33DnD1T3LDCTRY4vSGmtr7+js6u7p7euPJwYGNwO34hsiZ7iW6+d1LRCW6YicNKUl8p4vNFu3xJa+v9S43 6oKPzBdZ0MeeKJoa7uOWTYNTTKVXSklkpSmMEZ/AjUCSUSx6iZusY0duDBQgQ0BB5KxBQ0BjwJUEDzmiqgx5zMyw3uBOrpZW+EswRkas/u87vKpELEOnxs1g1Bt8CsWT5+Vo0jRA13TC93TDT3R+6+1amGNhpcD3 vWmVnil+NHw+tu/Kpt3ib1P1Z+eJcqYC72a7N0LmcYvjKa+enj2sj6/lqqN0yU9s/8LeqQ7/oFTfTWusmLt/A8/Onupc3vU7834CTan0iql1exMMrMYNaoTIxjDBHdjFhksYxU5ri5wjBOcKjFlUlGV6Waq0hJph vAllIUPcJWPsA==</latexit><latexit sha1_base64="4EmHwWyEzE3c7NYvMTrBZ2ylqAM=">AAACgnichVG7SgNBFD2u8f1I1EawE UNELMJdFRSxCNpYiVGjgRjC7jrRxX2xOwloyA9oq1hYKViIvT9g4w9Y+AliqWBj4c1mQVTUO8zMmTP33DnD1T3LDCTRY4vSGmtr7+js6u7p7euPJwYGNwO34hsiZ7iW6+d1LRCW6YicNKUl8p4vNFu3xJa+v9S43 6oKPzBdZ0MeeKJoa7uOWTYNTTKVXSklkpSmMEZ/AjUCSUSx6iZusY0duDBQgQ0BB5KxBQ0BjwJUEDzmiqgx5zMyw3uBOrpZW+EswRkas/u87vKpELEOnxs1g1Bt8CsWT5+Vo0jRA13TC93TDT3R+6+1amGNhpcD3 vWmVnil+NHw+tu/Kpt3ib1P1Z+eJcqYC72a7N0LmcYvjKa+enj2sj6/lqqN0yU9s/8LeqQ7/oFTfTWusmLt/A8/Onupc3vU7834CTan0iql1exMMrMYNaoTIxjDBHdjFhksYxU5ri5wjBOcKjFlUlGV6Waq0hJph vAllIUPcJWPsA==</latexit><latexit sha1_base64="4EmHwWyEzE3c7NYvMTrBZ2ylqAM=">AAACgnichVG7SgNBFD2u8f1I1EawE UNELMJdFRSxCNpYiVGjgRjC7jrRxX2xOwloyA9oq1hYKViIvT9g4w9Y+AliqWBj4c1mQVTUO8zMmTP33DnD1T3LDCTRY4vSGmtr7+js6u7p7euPJwYGNwO34hsiZ7iW6+d1LRCW6YicNKUl8p4vNFu3xJa+v9S43 6oKPzBdZ0MeeKJoa7uOWTYNTTKVXSklkpSmMEZ/AjUCSUSx6iZusY0duDBQgQ0BB5KxBQ0BjwJUEDzmiqgx5zMyw3uBOrpZW+EswRkas/u87vKpELEOnxs1g1Bt8CsWT5+Vo0jRA13TC93TDT3R+6+1amGNhpcD3 vWmVnil+NHw+tu/Kpt3ib1P1Z+eJcqYC72a7N0LmcYvjKa+enj2sj6/lqqN0yU9s/8LeqQ7/oFTfTWusmLt/A8/Onupc3vU7834CTan0iql1exMMrMYNaoTIxjDBHdjFhksYxU5ri5wjBOcKjFlUlGV6Waq0hJph vAllIUPcJWPsA==</latexit><latexit sha1_base64="4EmHwWyEzE3c7NYvMTrBZ2ylqAM=">AAACgnichVG7SgNBFD2u8f1I1EawE UNELMJdFRSxCNpYiVGjgRjC7jrRxX2xOwloyA9oq1hYKViIvT9g4w9Y+AliqWBj4c1mQVTUO8zMmTP33DnD1T3LDCTRY4vSGmtr7+js6u7p7euPJwYGNwO34hsiZ7iW6+d1LRCW6YicNKUl8p4vNFu3xJa+v9S43 6oKPzBdZ0MeeKJoa7uOWTYNTTKVXSklkpSmMEZ/AjUCSUSx6iZusY0duDBQgQ0BB5KxBQ0BjwJUEDzmiqgx5zMyw3uBOrpZW+EswRkas/u87vKpELEOnxs1g1Bt8CsWT5+Vo0jRA13TC93TDT3R+6+1amGNhpcD3 vWmVnil+NHw+tu/Kpt3ib1P1Z+eJcqYC72a7N0LmcYvjKa+enj2sj6/lqqN0yU9s/8LeqQ7/oFTfTWusmLt/A8/Onupc3vU7834CTan0iql1exMMrMYNaoTIxjDBHdjFhksYxU5ri5wjBOcKjFlUlGV6Waq0hJph vAllIUPcJWPsA==</latexit>
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 
<latexit sha1_base64="gECx01SzMAH2dikF XpMinoxIGXg=">AAAChXichVG7SgNBFD1ZH4nxFbURbIJBsVFmRVRsDNpY5mFUUJHddTRD9sXuJ BBDfsDCNoKVgoXY+wM2/oBFPkEsFWwsvLtZEBX1DjNz5sw9d85wddcUvmSsHVO6unt644m+ZP/A 4NBwamR0y3eqnsFLhmM63o6u+dwUNi9JIU2+43pcs3STb+uV9eB+u8Y9Xzj2pqy7fN/Sjm1xJAx NBtSeWxYHqQybY2GkfwI1AhlEkXNSd9jDIRwYqMIChw1J2IQGn8YuVDC4xO2jQZxHSIT3HE0kSV ulLE4ZGrEVWo/ptBuxNp2Dmn6oNugVk6ZHyjSm2CO7YS/sgd2yJ/b+a61GWCPwUqdd72i5ezB8 Ol58+1dl0S5R/lT96VniCMuhV0He3ZAJfmF09LWT1ktxpTDVmGZX7Jn8X7I2u6cf2LVX4zrPCxd /+NHJS5Pao35vxk+wNT+nEs4vZLJrUaMSmMAkZqgbS8hiAzmUqHoZZ2jhXIkrs8qCsthJVWKRZg xfQln9AKjikR0=</latexit><latexit sha1_base64="gECx01SzMAH2dikF XpMinoxIGXg=">AAAChXichVG7SgNBFD1ZH4nxFbURbIJBsVFmRVRsDNpY5mFUUJHddTRD9sXuJ BBDfsDCNoKVgoXY+wM2/oBFPkEsFWwsvLtZEBX1DjNz5sw9d85wddcUvmSsHVO6unt644m+ZP/A 4NBwamR0y3eqnsFLhmM63o6u+dwUNi9JIU2+43pcs3STb+uV9eB+u8Y9Xzj2pqy7fN/Sjm1xJAx NBtSeWxYHqQybY2GkfwI1AhlEkXNSd9jDIRwYqMIChw1J2IQGn8YuVDC4xO2jQZxHSIT3HE0kSV ulLE4ZGrEVWo/ptBuxNp2Dmn6oNugVk6ZHyjSm2CO7YS/sgd2yJ/b+a61GWCPwUqdd72i5ezB8 Ol58+1dl0S5R/lT96VniCMuhV0He3ZAJfmF09LWT1ktxpTDVmGZX7Jn8X7I2u6cf2LVX4zrPCxd /+NHJS5Pao35vxk+wNT+nEs4vZLJrUaMSmMAkZqgbS8hiAzmUqHoZZ2jhXIkrs8qCsthJVWKRZg xfQln9AKjikR0=</latexit><latexit sha1_base64="gECx01SzMAH2dikF XpMinoxIGXg=">AAAChXichVG7SgNBFD1ZH4nxFbURbIJBsVFmRVRsDNpY5mFUUJHddTRD9sXuJ BBDfsDCNoKVgoXY+wM2/oBFPkEsFWwsvLtZEBX1DjNz5sw9d85wddcUvmSsHVO6unt644m+ZP/A 4NBwamR0y3eqnsFLhmM63o6u+dwUNi9JIU2+43pcs3STb+uV9eB+u8Y9Xzj2pqy7fN/Sjm1xJAx NBtSeWxYHqQybY2GkfwI1AhlEkXNSd9jDIRwYqMIChw1J2IQGn8YuVDC4xO2jQZxHSIT3HE0kSV ulLE4ZGrEVWo/ptBuxNp2Dmn6oNugVk6ZHyjSm2CO7YS/sgd2yJ/b+a61GWCPwUqdd72i5ezB8 Ol58+1dl0S5R/lT96VniCMuhV0He3ZAJfmF09LWT1ktxpTDVmGZX7Jn8X7I2u6cf2LVX4zrPCxd /+NHJS5Pao35vxk+wNT+nEs4vZLJrUaMSmMAkZqgbS8hiAzmUqHoZZ2jhXIkrs8qCsthJVWKRZg xfQln9AKjikR0=</latexit><latexit sha1_base64="gECx01SzMAH2dikF XpMinoxIGXg=">AAAChXichVG7SgNBFD1ZH4nxFbURbIJBsVFmRVRsDNpY5mFUUJHddTRD9sXuJ BBDfsDCNoKVgoXY+wM2/oBFPkEsFWwsvLtZEBX1DjNz5sw9d85wddcUvmSsHVO6unt644m+ZP/A 4NBwamR0y3eqnsFLhmM63o6u+dwUNi9JIU2+43pcs3STb+uV9eB+u8Y9Xzj2pqy7fN/Sjm1xJAx NBtSeWxYHqQybY2GkfwI1AhlEkXNSd9jDIRwYqMIChw1J2IQGn8YuVDC4xO2jQZxHSIT3HE0kSV ulLE4ZGrEVWo/ptBuxNp2Dmn6oNugVk6ZHyjSm2CO7YS/sgd2yJ/b+a61GWCPwUqdd72i5ezB8 Ol58+1dl0S5R/lT96VniCMuhV0He3ZAJfmF09LWT1ktxpTDVmGZX7Jn8X7I2u6cf2LVX4zrPCxd /+NHJS5Pao35vxk+wNT+nEs4vZLJrUaMSmMAkZqgbS8hiAzmUqHoZZ2jhXIkrs8qCsthJVWKRZg xfQln9AKjikR0=</latexit>
N<latexit sha1_base64="4EmHwWyEzE3c7NYvMTr BZ2ylqAM=">AAACgnichVG7SgNBFD2u8f1I1EawEUNELMJdFRSxCNpYiVGjgRjC7jrRxX2xOwloyA9oq 1hYKViIvT9g4w9Y+AliqWBj4c1mQVTUO8zMmTP33DnD1T3LDCTRY4vSGmtr7+js6u7p7euPJwYGNwO34 hsiZ7iW6+d1LRCW6YicNKUl8p4vNFu3xJa+v9S436oKPzBdZ0MeeKJoa7uOWTYNTTKVXSklkpSmMEZ/A jUCSUSx6iZusY0duDBQgQ0BB5KxBQ0BjwJUEDzmiqgx5zMyw3uBOrpZW+EswRkas/u87vKpELEOnxs1g 1Bt8CsWT5+Vo0jRA13TC93TDT3R+6+1amGNhpcD3vWmVnil+NHw+tu/Kpt3ib1P1Z+eJcqYC72a7N0Lm cYvjKa+enj2sj6/lqqN0yU9s/8LeqQ7/oFTfTWusmLt/A8/Onupc3vU7834CTan0iql1exMMrMYNaoTI xjDBHdjFhksYxU5ri5wjBOcKjFlUlGV6Waq0hJphvAllIUPcJWPsA==</latexit><latexit sha1_base64="4EmHwWyEzE3c7NYvMTr BZ2ylqAM=">AAACgnichVG7SgNBFD2u8f1I1EawEUNELMJdFRSxCNpYiVGjgRjC7jrRxX2xOwloyA9oq 1hYKViIvT9g4w9Y+AliqWBj4c1mQVTUO8zMmTP33DnD1T3LDCTRY4vSGmtr7+js6u7p7euPJwYGNwO34 hsiZ7iW6+d1LRCW6YicNKUl8p4vNFu3xJa+v9S436oKPzBdZ0MeeKJoa7uOWTYNTTKVXSklkpSmMEZ/A jUCSUSx6iZusY0duDBQgQ0BB5KxBQ0BjwJUEDzmiqgx5zMyw3uBOrpZW+EswRkas/u87vKpELEOnxs1g 1Bt8CsWT5+Vo0jRA13TC93TDT3R+6+1amGNhpcD3vWmVnil+NHw+tu/Kpt3ib1P1Z+eJcqYC72a7N0Lm cYvjKa+enj2sj6/lqqN0yU9s/8LeqQ7/oFTfTWusmLt/A8/Onupc3vU7834CTan0iql1exMMrMYNaoTI xjDBHdjFhksYxU5ri5wjBOcKjFlUlGV6Waq0hJphvAllIUPcJWPsA==</latexit><latexit sha1_base64="4EmHwWyEzE3c7NYvMTr BZ2ylqAM=">AAACgnichVG7SgNBFD2u8f1I1EawEUNELMJdFRSxCNpYiVGjgRjC7jrRxX2xOwloyA9oq 1hYKViIvT9g4w9Y+AliqWBj4c1mQVTUO8zMmTP33DnD1T3LDCTRY4vSGmtr7+js6u7p7euPJwYGNwO34 hsiZ7iW6+d1LRCW6YicNKUl8p4vNFu3xJa+v9S436oKPzBdZ0MeeKJoa7uOWTYNTTKVXSklkpSmMEZ/A jUCSUSx6iZusY0duDBQgQ0BB5KxBQ0BjwJUEDzmiqgx5zMyw3uBOrpZW+EswRkas/u87vKpELEOnxs1g 1Bt8CsWT5+Vo0jRA13TC93TDT3R+6+1amGNhpcD3vWmVnil+NHw+tu/Kpt3ib1P1Z+eJcqYC72a7N0Lm cYvjKa+enj2sj6/lqqN0yU9s/8LeqQ7/oFTfTWusmLt/A8/Onupc3vU7834CTan0iql1exMMrMYNaoTI xjDBHdjFhksYxU5ri5wjBOcKjFlUlGV6Waq0hJphvAllIUPcJWPsA==</latexit><latexit sha1_base64="4EmHwWyEzE3c7NYvMTr BZ2ylqAM=">AAACgnichVG7SgNBFD2u8f1I1EawEUNELMJdFRSxCNpYiVGjgRjC7jrRxX2xOwloyA9oq 1hYKViIvT9g4w9Y+AliqWBj4c1mQVTUO8zMmTP33DnD1T3LDCTRY4vSGmtr7+js6u7p7euPJwYGNwO34 hsiZ7iW6+d1LRCW6YicNKUl8p4vNFu3xJa+v9S436oKPzBdZ0MeeKJoa7uOWTYNTTKVXSklkpSmMEZ/A jUCSUSx6iZusY0duDBQgQ0BB5KxBQ0BjwJUEDzmiqgx5zMyw3uBOrpZW+EswRkas/u87vKpELEOnxs1g 1Bt8CsWT5+Vo0jRA13TC93TDT3R+6+1amGNhpcD3vWmVnil+NHw+tu/Kpt3ib1P1Z+eJcqYC72a7N0Lm cYvjKa+enj2sj6/lqqN0yU9s/8LeqQ7/oFTfTWusmLt/A8/Onupc3vU7834CTan0iql1exMMrMYNaoTI xjDBHdjFhksYxU5ri5wjBOcKjFlUlGV6Waq0hJphvAllIUPcJWPsA==</latexit>
0.15
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FIG. S1. (a) |C(~0)−C| as a function of the mesh sizeNθ. (b,c)
The same as Figs. 1 (a,b) in the main text but for Nθ = 5.
(d) The same as Fig. 3 (b) in the main text but for Nθ = 5.
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FIG. S2. (a,b) |〈c†i cj〉| under a magnetic flux (a) φ = 1/q (q =
3, 4, 5, 6) with 30q×30q sites and (b) φ = 1/q (q = 30, 40, 50,
60) with 3q × 3q sites. The inset in (b) shows the exponent
a(φ) under weak magnetic fields. The red line indicates the
value 1/(4l2B) = piφ/2 in the continuum limit.
value of the correlation function for φ = 1/q (q = 3,
4, 5, and 6) and N = 30q, which implies the expo-
nential decay of |〈c†i cj〉| ∝ e−|i−j|/ξ(φ,N). (There are
some singular points outside of the range of this plot
at |i− j| = q, 2q, · · · , where the values of |〈c†i cj〉| are ex-
ceptionally small.) We determine ξ(φ,N) using the data
in the range 0 < |i − j| < dMax, where dMax ∈ [0, N/4]
is chosen as the maximum value above which |〈c†i cj〉| is
always larger than 10−10. We repeat this process for
several N ’s in the range 100 ≤ N ≤ 200 and find the
thermodynamic value by extrapolation. This is what we
used in Fig. 1 (a) in the main text.
In the weak magnetic field regime, |〈c†i cj〉| shows a
qualitatively different behavior. Figure S2 (b) shows the
correlation function for φ = 1/q (q = 30, 40, 50, and
60) and N = 3q, indicating that |〈c†i cj〉| ∝ e−a(φ,N)|i−j|
2
.
The constant a(φ,N) is numerically obtained by the same
extrapolation process as we did for ξ(φ,N). The inset of
Fig. S2 (b) plots a = limN→∞ a(φ,N) as a function of φ.
The behavior in the continuum limit [36] is known to be
|〈c†(z)c(z′)〉| = (ν/(2pil2B))e−
1
4 |z−z′|2 (z = (x − iy)/lB),
which is valid for arbitrary filling factor ν even in the
presence of interactions. The red line in the inset is the
value of a of this limit (1/(4l2B) = piφ/2) and our numer-
ical value of a on the lattice approaches to it in the limit
of weak magnetic field, where lB becomes much larger
than the unit cell spacing. These results justify the use
of the magnetic length to rescale the system size in this
regime.
